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Abstract 
-
This PhD thesis has been concerned with the reinvestigation and improvement of the 
intermolecular 1,3-dipolar cycloaddition strategy using isoxazoles, towards the 3-
acyltetramic acids (3-acylpyrrrolidine-2,4-diones) and also the investigation and 
development of the corresponding intramolecular strategy. 
A second generation of the intermolecular route was developed previously within our 
group and we have synthesised a variety of pyrroloisoxazoles, the 'masked' tetramic 
acids. We have modified and improved both the isoxazole formations and the peptide 
coupling reactions; we have further developed the chain extension at the isoxazole C-
5 (tetramic acid C-3) substituent, testing the aldol-type reaction with some aromatic 
aldehydes and extending it to aliphatic aldehydes. We have demonstrated the 
condensation method using a strong base and hydroxyl adducts were obtained. 
Dehydration has been undertaken to yield the alkenyl C-5 side-chain. Development 
of the desmethyllaccarin, a derivative of the natural product laccarin, has also been 
attempted via the intermolecular route. 
A potential intramolecular route has the reversed sequence from the intermolecular 
route, by using the N-acylation product produced from an amino acid for the 
formation of a nitrile oxide and hence our building block pyrroloisoxazole by 
intramolecular dipolar cycloaddition. We have generated a nitro ketoester compound 
from the amino acid and investigation on the synthesis of the pyrroloisoxazole has 
been undertaken. 
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Introduction 
1.1 - Background 
1.1.1 - 3-AcyItetramic acids 
The 3-acyltetramic acids are a class of 5-membered ring heterocycles frequently 
encountered in natural products. The first simple derivatives have been known 
since the early twentieth century, but the true importance was not realised until the 
1960s. It has been found that natural products displaying the common acyltetramic 
acid motif [1] show a wealth of structural features, and significantly, a diversity of 
biological activity including antibiotic, antiviral, antitumour, antiulcerative, 
fungicidal, cytotoxic and mycotoxic properties. 1 The general structure of a 3-
acyltetramic acid is shown in Figure 1. All other 3-acyltetramic acids can be 
considered as resulting from substitution at C-5 with other functional groups RI and 
also by substitution of the acyl group of C-3. Furthermore, 3-acyltetramic acids 
present the possibility to attach functional groups to their nitrogen atom by 
replacing hydrogen at position Rn. 
R'" 
:~OH R,,;J,),~o 
I 
R" 1 
Figure 1 
The 3-acyltetramic acids are acidic (pKa 3-7) as in the non-enolised tautomer, they 
contain a methine carbon (C-3) connected to three carbonyl groups and thus a very 
acidic proton at C-3 that can be extensively delocalized as three different anion 
forms. They are formally (3, f3' -tricarbonyl systems and they are able to form four 
keto-enol tautomers. The 3-acyltetramic acids can be present as several tautomeric 
forms as shown in Figure 2: 
8 
H°ct HO FAST ott \. 
" N 0 N 0 
llSLOW H H 2a 2b ~o FAST oc{oH \. 
N ~ OH " N 0 
H H 
2c 2d 
Figure 2 
The behaviour of the ring system can be explained by the tautomeric behaviour of 
3-acyltetramic acids. The interconversion between the 'internal' tautomers [2a] and 
[2b] is too rapid to be observed on the NMR. timescale, likewise for the 'internal' 
tautomers [2e] and [2d]. The rapid interchange of 'internal' tautomers is due to 
proton transfer along an intramolecular hydrogen bond. The interconversion 
between the 'external' tautomers [2a, 2b] and [2e, 2d] is slower, as it requires 
rotation of the acyl side chain.2 The main tautomeric form in solution is the exo-
enol [2d], which was determined by comprehensive analytical studies of the IH and 
l3C NMR. characteristics of certain 3-acyltetramic acids by Steyn and Wesse1.3 
These studies contradicted the results of Yamaguchi,4 who concluded that the main 
tautomers were [2a] and [2b]. But with the evidences. 6. 7 of X-ray crystallographic 
structure determinations, the preferred form in the solid state was found to be exo-
enol [2d]. 
1.1.2 - Examples of some acyltetramie acid natural products 
Pyrrolidine-2,4-diones that bear an acyl substituent at position C-3 are the most 
commonly found tetramic acid derivatives in nature. We are going to describe 
different examples from a simple saturated structure to a macrocyclic and an 
9 
unsaturated tetramic acid. The simplest example of this unit is tenuazonic acid [3], 
which was originally isolated from the culture filtrate of Alternaria tenuis, by 
Stickings and co-workers.8 When given in high enough doses, [3] shows an 
inhibitory effect on certain viruses, such as herpes simplex, parainfluenza-3, 
vaccinia and poliovirus. Although extremely toxic to mammals, it exhibits a small 
amount of antibacterial activity. 
OH OH 
o 
3 4 
OH OH 
5 6 
Figure 3 
The n-propyl [4], isopropyl [5] and isobutyl [6] tenuazonic acid analogues (Figure 3) 
show similar biological activity, and are slightly less potent, but the high toxicity 
limits the use oftenuazonic acid and its analogues. 
A search for bioactive compounds, inhibitors of Paenibacillus larvae, the causal 
agent of American foulhood, a honeybees' disease, was carried out by Gallardo and 
co-workers.9 Three tetramic acids [4-6] were isolated from the two fungal strains, 
Alternaria brassicicola and Alternaria raphani. The L-tenuazonic acid was shown 
to be responsible for the antibiotic activity while D-allo-tenuazonic acid and the 
corresponding 5-isopropyl tetramic acid showed no significant activity. 
10 
Epicoccarines A [7], B [8] and epipyridone [9] were isolated from an Epicoccum sp. 
associated with the tree fungus Pholiota squarrosa by Wangun and co-workers.10 
While epicoccarine Band epipyridone exhibited only weak to modemte activity 
against Gram positive bacteria, epicoccarine A shows selective antibacterial activity 
against Gram positive bacteria, in particular Mycobacterium vaccae. Epipyridone 
has an unusual cyclized side chain which appears to be derived from the ring 
expansion of epicoccarine A followed by a proposed hetero-Diels-Alder reaction. 
HO 
HO 
Figure 4 
Melophlins A, D, E, Q H, I, 0, P, Q, Rand S [10-20], the eleven tetmmic acid 
derivatives possessing a long alkyl chain, were isolated from the two marine 
sponges of the genus Melophlus in Indonesia. l1• 12 The structures were determined 
on the basis of their spectml data. Apart from melophlin Q the rest of the 
melophlins showed weak to modest growth inhibitory activity against a murine 
leukemia cell line L1210.13• 14 
11 
OH 
R R 
Melophlin R n Melophlin R n Melophlin R n 
17 P CH3 14 
10A H 14 
110 H 13 
18Q CH311 
12 E H 12 
14 H H 11 
19 R CH3 11 
151 H 12 
160 CH3 11 
13 G H 12 
o 
o Melophlin S 20 
Figure 5 
The mycotoxin, a-cyclopiazonic acid [21], is produced by the fungus Penicillium 
cyc10pium Westling; its isolation was by Holzapfe1.1S It is found in numerous 
agricultural commodities such as cheese, groin, and peanuts; it possesses dispamte 
biological activities but a-cyclopiazonic acid is very toxic. The presence of a-
cyclopiazonic acid affects the levels of neurotmnsmitters such as dopamine and 5-
hydroxyindoleacetic acid, which causes depression and immobility in cattle and 
humans. 16 
Figure 6 
12 
Paecilosetin [22] was isolated from the fungus Paecilomyces farinosus by Lang and 
co-workers. Paecilosetin showed activity against the P388 murine leukemia cell 
line and also caused considerable growth inhibition of the microorganisms Bacillus 
subtilis, Trichophyton mentagrophytes and Cladosporium resinae. Spectroscopic 
data of paecilosetin was showed different only in the substitution pattern of the 
tenuazonic acid moiety and also revealed the presence of the same bicyclic subunit 
as in equisetin and trichosetin (see later Scheme 2).17 
o OH 
.,\\\~ 
H 
Figure 7 
22 
Vermelhotin [23] is a pyrrolidine-2,4-dione derivative, the first example of a 
derivative having a further pyran ring obtained from fungal sources. IS It was 
isolated along with the characteristic antifungal substance, dihydroepiheveadride 
and its analog deoxoepiheveadride, from an unidentified fungus IFM 52672. Its 
structural assignment was confirmed by spectroscopic and X-ray crystaUographic 
analysis. 
::::::.... Me 
o 
23 
Figure 8 
13 
Pachydermin [24] is an unusual oxalylated tetramic acid, which was isolated from 
the New Zealand fungus basidiomycete Chamonixia pachydermis (Boletaceae). 
The full structure was deduced with the aid of its degradation product, 5-(3-chloro-
4-hydroxybenzylidene)tetramic acid [25] and this degmdation product exhibited 
mild antibacterial activity against Bacillus subtilis.19 
o OH 
HO 
24 
Cl 
HO HO 
Figure 9 
The magnesium-containing antibiotic magnesidin from Pseudomonas 
magnesiornbra was isolated by Kohl and co-workers.20 It is obtained as a 1:1 
mixture of the covalent magnesium chelates of the 3-hexanoyl [26] and 3-octanoyl 
[27] tetmmic acid derivatives. Imamum and co-workers discovered the use of 
magnesidin as antibiotic agents in Vibrio gazogenes cultured from marine mud after 
twenty years. 21 It is also used to prevent the degmdation of foodstuffs by 
organisms that produce spores and prevents the growth of various Gmm-positive 
bacteria. 
o 0 
26 n=1, 3-hexanoyl 
27 n=2, 3-octanoyl 
Figure 10 
2 
2+ 
Mg 
14 
Geodin AMg salt [28] was isolated from a Geodia sp. sponge collected in the Great 
Australian Bight.22 This macrocyclic polyketide lactam tetramic acid magnesium 
salt showed activity as a potent nematocidal agent. The structure was determined by 
Capon and co-workers and assigned on the basis of detailed spectroscopic 
analysis.23 
0.5 Mg2+ 
Figure 11 
Cylindramide A [29] is a similar macrocyc1ic tetramic acid to geodin A, and was 
isolated from the marine sponge Halichondria cylindrata by Fusetani and co-
workers.24 It was found to be cytotoxic to B16 melanoma cells. 
OH 
Figure 12 
15 
Macrocidins A [30] and B [31] are the first representatives ofa new family of cyclic 
tetramic acids, which were isolated from the liquid cultures of Phoma macrostoma 
obtained from diseased Canada thistle growing in several geographically diverse 
regions. The structural skeleton and the configuration of macrocidin A were 
determined by extensive 2D NMR studies and also by a single crystal X-ray 
structure. These compounds have shown a significant herbicidal activity on 
broadleaf weeds. 2S 
o 
Me 
Figure 13 
Ikarugamycin [32] was isolated from the culture broth of Streptomyces 
phareochromogenes var. ikarugenesis Sakai by Jomon and co-workers.26 
Ikarugamycin demonstrates strong antiprotozoal and in vitro antiamoebic properties, 
and some antibiotic activities against Gram-positive bacteria. It has also been used 
as an antiulcer agent.27 The deduction of the structure was completed by lto and 
Hirata using NMR spectroscopy?8 It has a very unusual structure, an enoyltetramic 
acid which is integrated within a 16-membered macro cyclic lactam ring and fused 
with the trans, anti, cis-decahydro-as-indacene framework. 
16 
o N 
H 
32 
Figure 14 
OH 
Discodennide [33] is obtained from the Caribbean marine sponge Discoderma 
dissolute, and is another example of a macrolactam. It has been shown to cause 
inhibition of the growth of Candida albicans fungi and also prevention of the in 
vitro propagation of P388 murine leukemia cells.29 The stereochemistry at C-16 
and C-17 is still unclear although the stereochemistry of the structures 
(discodennide and its 0-16 acetate counterpart) has been studied by NMR 
spectroscopy (COSY and NOE difference spectra). 
Figure 15 
Streptolydigin [34] was the first of the dienoyltetrnmic acids to be isolated, 
obtained from the culture filtrates of Streptomyces lydicus?O The structural 
assignment was accomplished by analysis of the NMR, UV and mass spectra of the 
17 
oxidative degradation products. Streptolydigin is a potent inhibitor of the DNA 
transferase and bacterial RNA polymerase enzymes in addition to showing 
inhibition of Gram-positive organisms.31 
OH 
34 CONHMe 
Figure 16 
Tirandamycin A [35] is closely related to streptolydigin, and was isolated from 
Streptomyces tirandis.32 It is a less potent inhibitor of DNA transferase, but it 
inhibits chain initiation as well as elongation during the transcriptional procesS.
33 
Structural assignment was by comparison with the NMR spectra of streptolydigin 
and with those of its degradation product streptolic acid [35a].34 
35a 
Figure 17 
18 
Ravenic acid [36] was isolated from the mycelia of a cultured microfungus. 
Penicillium sp. by Michael and co-workers.3s It is a polyene tetramic acid related 
to tirandamycin A and it showed inhibition of the growth of a methicillin-resistant S. 
aureus strain. 
36 
Figure 18 
OH 
Aurantosides Q H and I [37-39] are orange pigments consisting of 
monochloropentaenoyl tetramic acids with mono-, di-, and tri-N-saccharide 
substituents, respectively.36 They were isolated from sponges of the fiunily 
Theonella swinhoei. The structures were established by spectroscopic and chemical 
methods. Aurantosides G-I failed to show any significant cytotoxicity against the 
human colon tumor cell line HCT-116 and were found to be inactive in the anti-
lllVassay. 
19 
Cl OH 
~ ~ ~ ~ N~OH 
OH 
37 
0 
Cl OH 
~ ~ ~ ~ N~OH 
~ HO 38 OH 0 o OH 
Cl OH 
~ ~ ~ ~ N~OH 
~H HO OH 
39 0 
o 0 
" 0 
'Q"."Me 
MeO"'" 
OH 
Figure 19 
1.1.3 - Biosynthesis of tetra mic acids 
The acyltetramic acids have been investigated biosynthetically: The acyl group can 
be derived from a polyketide and the tetramic acid ring can be derived from an 
acetate unit and an amino acid; however, it is still unclear about the order of 
assembly of these moieties (Scheme 1). 
20 
°rOH CH 
R' NH + x~o 
2 
40 41 
R' N 0 
H 
45 
Scheme 1 
Trichosetin [46] originates from two separate biogenetic units. One unit is an 
octaketide intermediate directly derived from eight intact acetate units joined in the 
head-to-tail fashion of a polyketide pathway; and the other unit is serine [49] 
(Scheme 2). The structurally related homologues equisetin [47] and phomasetin 
[48] probably have a similar bosynthesis pathway.37 
OH 
:> 
R'" 
46 Trichosetin, R'=H, R"=H, R"'=CH3 
47 Equisetin, R'=CH3, R"=H, R"'=CH3 
48 Phomasetin, R'=CH3, R"=CH3, R"'=CHCHCH3 
Scheme 2 
oyC:: 
OH 
49 
21 
Geodin A [28], the macrolactam tetramic acid, is formed from a polyketide unit and 
an amino acid unit that is a hydroxylated ornithine [50] (Scheme 3). 
0.5 Mg2+ OH 50 
Scheme 3 
Polycephalin C [51] is a bis(trienoyl)tetramic acid linked by an unusual asymmetric 
cyclohexene ring. The tetramic acid unit of each terminus is derived from (S)-N-
methyl serine [52] and is linked by a fully conjugated all-E-triene chain to the 
cyclohexene ring (Scheme 4).38 
OH 
===;:»HO)--(O 
-~ OH 
52 
,\,,,--
.' ........ OH 
51 
o 
Scheme 4 
22 
Janda and co-workers reported a non-enzymatically formed tetramic acid from N-
(3-oxododecanoyl)-L-homoserine lactone [54] via a Claisen-like intramolecular 
alkylation of the f3-ketoamide moiety (Scheme 5).39 This is potentially related to 
acyltetramic acid biosynthesis. The tetramic acid, 3-(1-hydroxydecylidene)-5-(2-
hydroxyethyl)pyrrolidine-2,4-dione [53], is a potent antibacterial agent and its 
bactericidal activity was found against Gram-positive bacterial strain, whereas no 
toxicity was seen against Gram-negative bacteria. 
53 NaOMe 
MeOH 
55°C, 3 h 
SchemeS 
54 
1.1.4 - Examples of some synthetic routes to tetramic acids 
o 
OH 
The first reliable synthesis of a tetramic acid derivative was achieved by Gabriel in 
1914 via ring closure by formation of a C-N bond.40 Phthalimidoisobutyryl 
chloride [55] was treated with diethyl sodiomalonate and the resulting product [56] 
was cyclized using concentrated sulfuric acid to give the 3-ethoxycarbonyl tetramic 
acid [57] (Scheme 6); another tetramic acid, dysidin has also been synthesized 
using similar methodology.41 
23 
Diethyl 
SOdiomalonat: \ 1 / 
'YCOC1 ~ T "'( CO,Et conc. H.l!.0' 
NPhth NPhth C02Et 
55 56 
Scheme 6 
Eta 
OH 
o 
N 
o~ 
HO eN 2 
57 
Tetramic acids can also be synthesized by Dieckmann cyclization, a based-induced 
intramolecular Claisen condensation, of N-acyl-a.-amino esters [58] (Figure 20). 
Tetramic acid rings can be prepared easily and substitution was possible to generate 
a series of tetramic acids. I-Benzyl-3-phenyltetramic acid [60] was generated in 
1950 and a series of 3-alkyl-l,5-diaryltetramic acids [61] with analgesic and anti-
inflammatory activity has been prepared in a similar way (Scheme 7).42 
58 
Figure 20 
24 
Ph 
r':( 
N 0 
I 
Bzi 59 
NaOEt o~o 
N 
I 
Bzi 60 
x = Ph, CSH4Me-P or CSH40Me-p 
y = Ph, CSH4Me-P or CSH40Me-p 
Scheme 7 
In 1954, a convenient two-step synthesis of 3-acyltetramic acids via Dieckmann 
cyclization was reported by Lacey43 and this strategy has since become widely used 
to synthesise different tetramic acid rings, e.g., tetmmic acid itself, the 4-
methoxypyrrolin-2-one subunit of althiomycin, tenuazonic acid analogues, etc. The 
fIrst generation of this method involved the condensation of an a.-amino ester [62] 
with diketene [63] to give the N-acetoacetyl-a.-amino ester [64], followed by 
cyclization to the 3-acetyltetramic acid [65] (Scheme 7). 
Scheme 8 
NaOMe 
.. 
OH 
o 
65 
A synthesis of 3-acyltetramic acids was reported by Jones and co-workers, which 
utilised acylation at C-3 of pyrrolidine-2,4-diones [66] by an acid chloride [67]. 
The protocol involves boron trifluoride-diethyl ether as Lewis acid, isolation of the 
neutral boron difluoride complexes [68], and fInally methanolysis to give the 3-
acyltetramic acids [69] (Scheme 9).44, 4S, 47 
25 
R'" 
° R"'COCI 67 ~O 
-h BF3-0E~':OOC ° If ,F2 
R,A.,)=O - I 
N R' ° \ N 
R" 66 \ 50 - 78 % R" 68 
Rill 
MeOH. O~ U rOH 
R.J:)=O 
\ 
80 - 94 % R" 69 
Scheme 9 
In a synthesis of magnesidin/o Kohl generated the acyltetramic acid by acylation of 
a tetramic acid at C-3 (Scheme IQ), thus S_ethylidenepyrrolidine-2,4-dione [70] 
was acylated with the appropriate acid chloride in the presence of boron trifluoride-
etherate. 
~o i, RCOCI, BF30E~ ii, Ac20, NaOAc, MgCI2 o ... MeHC N 
H 
70 
Scheme 10 
:tt0 -
MeHC N ° 
I 
Ac 
R = (CH2)4CH3 71 
R = (CH2)eCH3 72 
2 
The synthesis of melophlin A, B. C and G from a-aminoesters [73] or their 
ammonium salts [74] was reported by Schobert and co-workers (Scheme 11).46 
Treatment with immobilized ylide PS-Ph~CCO [75] gave a domino addition-
intramolecular Wittig alkenation sequence. Cleavage of the ester [76] with 
trifluoroacetic acid and acylation of [77] using Jones' method gave the tetramic acid 
melophlins [79].44, 4S, 46, 47 
26 
MeOH 
R retl., 2 h R 
o 
79 91 % 
OH 41 
PS-Ph3PCCO 75 
THF, 60 oC, 12h 
-PS-Ph3PO 
- PS-Ph3PCCO.HCI 
78 47 -56% 
Scheme 11 
A synthesis of the bicyclo[3.3.0]octene core of geodin A [2S] was reported by 
Phillips and co-workers, although the total synthesis of geodin A was still in 
progress.22 The strategy for the synthesis was described based on the coupling of 
two domains~ a subunit containing the bicyclo[3.3.0]octane [SO], and a 3-
hydroxyomithine-derived subunit [SI] (Scheme 12). The bicyclo[3.3.0]octane was 
derived from [S2], which was prepared from a tandem ring-opening-ring-closing-
cross metathesis of functionalized bicyclo[2.2.1 ]heptene [S3] with alkenyl ester 
[S4]. The organotin-mediated cross-coupling reaction and the acylation of [SO] and 
[SI] would lead to the formation of the macrocyclic precursor for Lacey-
Dieckmann cyclization and therefore synthesis of geodin A [2S] could be completed. 
27 
0.5 Mg2+ 
+ 
NHDMB 
o +I~~~ 
o 11 1 C02Et 
~ 0 OTBS H 
80 81 
o 
0 
OTIPS ~ 83 :> OTIPS 
+ 
~C02Me 84 
82 
Scheme 12 
In a synthesis of cylindramide A [29], Phillips and co-workers obtained the tetramic 
acid in 19 steps strategically by the coupling of two domains as in the synthesis of 
geodin A [28].22. 48 The coupling of [85] and [86] was achieved by Homer-
Wadsworth-Emmons reaction, which led to [87] and the heating of [87] resulted in 
macrocyclization to give the (3-ketoamide [88]. The synthesis was then completed 
by the removal of the protecting group and finally the Lacey-Dieckmann 
cyclization to form the tetramic acid and yield cylindramide A [29] (Scheme 13). 
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In an enantioselective synthesis of cylindramide ~ Laschat and co-workers 
generated the tetramic acid based on the retrosynthetic strategy involving 
disconnection of cylindramide A [29] into the three fragments [89-91] (Scheme 
14).49 The pentalene derivative [91] was prepared from pentalenone [92] by a 
tandem process consisting of a Michael addition and an electrophilic trapping 
reaction. The macrolactam was derived from Sonogashira coupling of 
hydroxyomithine [89] with pentalene [91] followed by Iulia-Kocienski olefination 
with phenyltetrazolyl (PT) sulfone [90] and Staudinger reduction. Intramolecular 
N-acylation and Lacey-Dieckmann acyltetramic acid formation was followed by the 
removal of the protecting group to give cylindramide A [29]. 
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A synthetic strategy to build the macrocyclic structure and the acyltetramic acid of 
desmethylmacrocidins was reported by Ramana.2S The N-protected methyl O-allyl-
L-tyrosinate [93] was treated with [1,3]dioxin-4-one [94] to give p-ketoamide [95] 
and the ring-closing metathesis (RCM) reaction of this p-ketoamide with the first 
generation Grubbs' catalyst produced the 18-membered cyclic lactam derivative 
[96]. A Lacey-Dieckmann cyclization in the presence of KOtBu in t-butanol gave 
the core substrate [97], but this intermediate proved unsuitable for installation of 
the epoxides on the C16-C17 olefin [98] (Scheme 15). 
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An efficient synthesis of dienyltetramic acid derivatives from L-ascorbic acid [99] 
was reported by Singh and co-workers. 50 The method involves Wittig olefination 
of the tetronolactonyl allylic aldehydes [100] obtained in 4 steps from ascorbic acid 
[99]. The resulting exo-dienyl esters of the tetronolactones [101] reacted with 
ethanolic ammonia to give the intermediate 5-hydroxy lactams [102] and finally 
dehydration gave the dienyl tetramic acid derivatives [103] (Scheme 16). 
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A mild methodology to generate 3-(poly)enoyltetramic acids [109] was reported by 
Jones and co-workers. The method utilises 2,2,6-trimethyl-l,3-dioxen-4-one 
(diketene-acetone adduct, [104]) which IS converted into the 6-
diethylphosphonomethyl derivative [106] via the chloride [105]. The anion derived 
from the phosphonate [106] then undergoes condensation with saturated and 
unsaturated aldehydes to give the (poly)enes [107]. Acid-mediated thermolysis of 
[104] and [107] with an a.-amino ester, N-methyl-L-valine methyl ester, afforded 
the corresponding (3-ketoamides [108] and finally Dieckmann cyclization to 
generate the 3-(poly)enoyltetramic acids [109] (Scheme 17).51 
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Huang and co-workers reported the first application of Meldrum's acid in solid 
phase synthesis of tetramic acid.52 The polymer supported Meldrum's acid [110] 
was prepared from the Merrifield resin loaded with cyclic malonic acid ester and 
the C-acylation by N-protected amino acids [111] afforded the polymer supported 
acylated compound [112]. The last step was achieved by cyc1ative cleavage to give 
the tetramic acid [113] in good yield and high purity; the recovery of ketone resin 
[114] was also observed (Scheme 18). 
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Jones introduced an isoxazole strategy towards acyltetramic acids via 1,3-dipolar 
cycloaddition in 1994, the polar functionality of the tetramic acid being masked 
until a late stage in the synthesis.53 The cycloaddition product, ethyl 3-methyl-5-
benzyloxycarbonylaminoisoxazole-4-carboxylate [116] can be prepared using the 
pyrrolidine enamine fonned from a glycine based p-ketoester [115], with 
acetonitrile oxide. The ester at C-4 was converted into the acid using sodium 
hydroxide and hence into a mixed anhydride. To complete the cyclization, the 
removal of the N-protecting group afforded the pyrroloisoxazolone [117], the 
masked tetramic acid. Finally the tetramic acid [118] was unmasked by 
hydrogenation (Scheme 19). Unfortunately, the enamine formation was 
unsuccessful with p-ketoesters from other amino acids. 
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A more flexible second generation synthetic strategy (Scheme 20) was first reported 
in 1999, using the 1,3~dipolar cycloaddition of nitrile oxides [120] derived from a.~ 
amino acids [119], with enamines [121] formed from p-ketoesters.S4• ss This 
reverses the role of the amino acid derived component from dipolarophile to dipole. 
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The key feature and advantage of this strategy (Scheme 20) is that it masks the 
highly polar, reactive p, po -tricarbonyl moiety of the acyltetramic acids as an 
isoxazole, enabling elaborations around a pyrroloisoxazole scaffold [123] and 
leaving the cleavage of the very weak N-O bond as the last step of the synthesis. 
1.2 - Project aim! Synthetic strategy 
Our project aim was to synthesize both natural and novel unnatural acyltetramic 
acids via the second generation nitrile oxide isoxazole strategy. We plan to 
reinvestigate and improve this intermolecular strategy, the isoxazole formation and 
peptide coupling reaction (Scheme 20). 
We also propose to work on chain extension at the isoxazole [123] C-5 (tetramic 
acid [125] C-3) substituent, testing the aldol reaction with some aromatic aldehydes 
and extending it to aliphatic aldehydes, targeting the development of protocols for 
elaboration of acyltetramic acid C-3 side-chains and hopefully to validate these 
methodologies on prototypes of the key structural groups of tetramic acids, and 
ultimately to assemble natural examples. 
In the meantime, we also proposed to develop an intramolecular variant (Scheme 
21), i.e. to reverse the sequence by using N-acylation product produced from an 
amino acid for the formation of a nitrile oxide and hence our building block 
pyrroloisoxazole by intramolecular dipolar cycloaddition. 
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1.3 - Isoxazoles 
Isoxazoles can be made from two main routes, the attack of hydroxylamine on 
dicarbonyl compounds and the 1,3-dipolar cycloaddition of nitrile oxides. The 
correct structure of isoxazole was first proposed by Claisen in 1888.
56 
The 
isoxazole ring has the properties of an aromatic system, but it can become highly 
labile when exposed to reducing or basic media. The numbering system of 
isoxazole is shown below (Figure 21). 
2 1 
N-O 3Z)5 
4 
131 
Figure 21 
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In our approach to acyltetramic acids in Scheme 20, 1,3-dipolar cycloaddition of 
the 1,3-dipole, the nitrile oxide [120], with the dipolarophile, the enamine [121], led 
to the formation of the isoxazole [122]. The removal of the Boc and tBu protecting 
groups and subsequent ring closure achieves the pyrroloisoxazole building block 
[123]. 
The following section will discuss 1,3-dipolar cycloaddition, as it is one of the key 
steps of the project to synthesize isoxazoles and therefore pyrroloisoxazoles, the 
masked acyltetramic acids. 
1.4 - I,3-Dipolar cycloaddition 
The construction of5-membered rings can be achieved by 1,3-dipolar cycloaddition, 
which involves 1,3-dipoles a-b-c [132] reacting with dipolarophiles d-e [133] 
intermolecularly or a-b-c-d-e [136] reacting intramolecularly. The formal 
classification is a [3+2] cyc1oaddition reaction; both intermolecular and 
intramolecular cycloaddition are possible (Scheme 22).57 
Depending on the nature of atoms (a)-(e), various heterocyclic rings can be formed, 
and the stereo- and regioselectivity can also be affected. The reaction is believed to 
proceed by a concerted, thermal cyclization. 
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1.4.1 - Dipoles and dipolarophiles 
A 1,3-dipole is a highly polarized and zwitterionic compound. These dipolar 
species contain heteroatoms and have four 1t-electrons distributed over three atoms. 
As shown in Scheme 22, the 1,3-dipole is a three atom fragment and the structure 
can be represented as either sextet or octet canonical fonns, which depends on the 
number of electrons present in the outer shell of a atom (a) in a given canonical 
fonn. 58 
There are two types of 1,3-dipole. Type 1 has a structure which contains a single 
bond between (a) and (b) in the sextet form and a double bond in the octet fonn, 
where either nitrogen or oxygen can be the middle atom. The structures of type 1 
are non-planar and are called the allyl anion type (Table 1). Type 2 has a structure 
which contains a double bond between (a) and (b) in the sextet and a triple bond in 
the octet fonn, where only nitrogen can be the middle atom. The structures of type 
2 are linear and are called the propargyl-allenyl type; they have an additional1t 
bond orthogonal to the allyl system (Table 2).59 
Examples of some common 1,3-dipolar intennediates are shown in Table 1 and 
Table 2. 
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Nitrones 
Azomethine ylides 
Carbonyl ylides 
Ozone 
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Type 2 
Sextet Octet 
+ 
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,- ,-
+ -
-C=N-C 
" 
.. .. -N~C-
" 
Nitrile ylides 
+ H2N=N-N=--
... .. 
+ -N=N-N- Azides 
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A dipolarophile is a species which contains a n:-bond and where they are C-C based 
is an alkene or alkyne derivative. Diazo, nitrile, and carbonyl compounds are also 
examples of dipolarophiles where one of the atoms is not carbon. 
In our approach to the 1,3-dipolar cycloaddition shown in Scheme 20, the 1,3-
dipole is a nitrile oxide and the dipolarophile is an enamine, to enable the isoxazole 
fonnation through intennolecular 1 ,3-dipolar cycloaddition. 
1.5 - Nitrile oxides 
Nitrile oxides [144] are generally unstable dipoles and not isolable. If left alone, 
nitrile oxides tend to dimerize to a furoxan [147], rearrange to isocyanate [148] or 
under special conditions fonn isomeric 1,2,4-oxadiazole-4-oxides or symmetrical 
1,4,2,5-dioxadiazines. Therefore they are often prepared in situ in the presence of a 
dipolarophile. Nitrile oxides are commonly prepared by several methods: 
dehydrochlorination of hydroximoyl chlorides [143] (Huisgen's in situ method60), 
the oxidation of aldoximes [141], the dehydration of primary nitroalkanes [142] 
(Mukaiyama's method61) and the thermolysis offuroxans [147] (Figure 22). 
40 
R-CX=N-OH ..... 1---
143 
R-CHO 
139 
1 
R--=N-OH 
141 
1 
~ 
/ 
I R---=N~-1144 
R-CH2Hal 
140 
1 
R-C-NO H 2 
2 
142 
/ 1t ~ b 145 
146 
Figure 22 
In our approach to nitrile oxides of Scheme 20, nitrile oxides [144] are obtained 
from oximes in two steps: halogenation of the aldoxime [141] to give a 
hydroximoyl chloride [143] followed by dehydrohalogenation with a base. In our 
planned intramolecular route of Scheme 21, we also tried to prepare the nitrile 
oxide [144] from nitro-compounds [142]. 
In the next section we will discuss the Frontier Molecular Orbital (FMO) theory, 
which helps to explain the stereo- and regio-control in the reaction. 
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1.6 - Frontier Molecular Orbital theory 
1,3-Dipolar cycloaddition involves the formation of two a-bonds with the loss of 
one 1t-bond and one lone pair. Bonding is described in terms of a-orbitals and 1t-
orbitals (Figure 23) and electron interactions are represented by the molecular 
orbitals, where a-orbitals and 1t-orbitals are involved. 58 
Sigma Pi 
+ + 
Figure 23 
The directional character is dependent on the overlap of the two interacting orbitals. 
When orbitals of the same phase are directed towards each other, the overlap 
between the two lobes is maximized and a bonding interaction is represented; when 
orbitals of opposite phase are directed toward each other, the overlap is minimized 
and an anti-bonding interaction is represented (Figure 24). The net energy of the 
bonding interaction is lower than that of the anti-bonding interaction. Each 
molecular orbital has a different energy and this energy difference therefore relates 
to the reactivity of the compound. 
Sigma-orbitals Pi-orbitals 
E 
+ 
Anti-bonding 
+ 
+ + 
Bonding 
Figure 24 
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1,3-Dipoles are both electrophilic and nucleophilic and their reactions can be 
controlled by either their Highest Occupied Molecular Orbital (HOMOs) or their 
Lowest Unoccupied Molecular Orbital (LUMOs) depending on whether the 
dipolarophiles are electron deficient or electron rich. Electrophilic dipolarophiles 
tend to have a low energy LUMO whilst nucleophilic dipolarophiles tend to have a 
high energy HOMO. Therefore, the cycloaddition reaction can be analyzed by the 
Frontier Molecular Orbital (FMO) theory58, 59 and can be classified into three types 
(Figure 25): 
Dipole Dipolarophile Dipole Dipolarophile Dipole Dipolarophile 
Type 1 Type 2 Type 3 
(HOMO controlled) (HOMO/LUMO controlled) (LUMO controlled) 
Dipole = Nitrile Oxide; Dipolarophile = Enamine 
Figure 25 
Type 1 is tenned HOMO controlled; it involves the most significant interaction 
between the HOMO of the dipole and the LUMO of the dipolarophile. 
Type 2 is tenned HOMOILUMO controlled; the interactions of the HOMO of the 
dipole and the LUMO of the dipolarophile, and the LUMO of the dipole and the 
HOMO of the dipolarophile are both significant. 
Type 3 is termed LUMO controlled; its dominant interaction is the LUMO of the 
dipole and the HOMO of the dipolarophile. 
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In our approach of intermolecular cyc1oaddition, the nitrile oxide, an electron-rich 
dipole, has a high-energy HOMO and the enamine, an electron-deficient 
dipolarophile, has a low-energy LUMO, a smaller energy gap as shown in type 1 
(HOMO controlled) is preferred, so that this combination gives a better overlap in 
the transition state. 
Intermolecular cyc1oaddition of a nitrile oxide to a substituted alkene can lead to 
two regioisomers, the 4- and! or 5-substituted 2-isoxazole (Figure 26). However, 
regiochemical FMO analysis can lead to wrong predictions, particularly when steric 
or electrostatic effects are involved. In our approach, the enamine has an electron-
accepting group (carboxylate) and electron-donating groups (methyl and 
pyrrolidine group)~ consideration of the orbital coefficients explains the generation 
of the 5-methyl and the 4-carboxylate isoxazole regioisomer, along with 
elimination of the pyrrolidine to achieve aromaticity. 
LUMO 
> r:j A 
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Intramolecular cyc1oadditions of nitrile oxide behave differently to the 
intermolecular cycloaddition, as the regioselectivity of most of them is determined 
by geometric constraints and cyc1oadditions occur in the exo mode to furnish the 
annulated bicycle (Figure 27). 
- + ~-:z)N_-7 
\. ! 
\ ..' 
\ ;' 
exo endo 
Figure 27 
The next chapter will discuss our strategy and results (both intermolecular "and 
intramolecular) for the synthesis of 3-acyltetramic acids. 
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Result and Discussion 
2.1 - Intermolecular cycloaddition route 
Before embarking on elaborations around the core pyrroloisoxazole structure, to 
synthesize different acyltetramic acids, our first target was to make a 
pyrroloisoxazole to test its anion condensation chemistry. Acyltetramic acid is a 
highly polar, reactive ~,f3' -tricarbonyl moiety hence our strategy involves masking 
the tricarbonyl moiety as an isoxazole. From our synthetic studies towards 3-
acyltetramic acids, the second generation of 1,3-dipolar cycloaddition was 
developed (Scheme 20). ~4, 5~ We will utilise this strategy to prepare our 
pyrroloisoxazole via intermolecular 1,3-dipolar cycloaddition of nitrile oxides 
derived from a.-amino acids, with enamines formed from J3-ketoesters (Scheme 23 
and 24). The isoxazoles are formed regiospecifica1ly from such enamines and the 
cycloadditions are thought to be concerted. This is followed by deprotection and 
the second ring closure by peptide coupling to yield the bicyclic pyrroloisoxazole. 
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2.1.1 - Preparation of the cycloaddition precursors 
For the planned intermolecular cyc1oaddition, we would require an a-amino nitrile 
oxide as the 1,3-dipole and an enamine as the dipolarophile. The a-amino nitrile 
oxide was prepared from an a-amino oxime [153], itself generated from an a-
amino acid [149] in four steps as shown in Scheme 23, and the enamine [121] was 
formed from a r>-ketoester [154]. 
We decided to use (S)-valine [149] as our a-amino acid starting point as it has been 
previously used by another member of our group to give a good set of results, 
allowing further development in order to extend the investigation. ss 
The a-amino nitrile oxide precursor oxime [153] was prepared from (S)-valine [149] 
as follows: the first step was to convert the amino acid into its methyl ester 
hydrochloride salt [150]. Freshly distilled acetyl chloride was added drop wise to a 
suspension of (S)-valine [149] in dry methanol at 0 °C over 2 h. This generates 
hydrogen chloride dissolved in methanol (and some methyl acetate) to catalyse the 
esterification. The reaction mixture was heated at reflux for 17 h and then the 
solvent was removed to yield (S)-2-amino-3-methylbutyric acid methyl ester 
hydrochloride [150] as a white solid product in 96-100 % yield. The IR, IH NMR, 
l3C NMR. DEPT spectra all agreed with the proposed ester structure of this product 
It was next necessary to protect the amino group and tert-butoxycarbonyl (Boc) 
protection was used. We decided to use the Boc group for ease of deprotection in 
the later stage, under conditions that would not affect other functional groups in our 
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strategy. The protection was introduced by the reaction with di-tert-butyl 
dicarbonate: triethylamine and a solution of di-tert-butyl dicarbonate in 
dichloromethane were added successively to a suspension of (S)-2-amino-3-
methylbutyric acid methyl ester hydrochloride [150] in dichloromethane at 0 °C 
with stirring. Investigation by repeated experiments showed that either adding the 
reagents dropwise by syringe pump or adding in one portion gave the same result 
The reaction was left to stir at room temperature for 17 h and the mixture was 
washed with IM citric acid solution and saturated brine. Any unreacted basic 
amines were extracted from the organic solvents into an acidic aqueous phase and 
the organic layer was concentrated in vacuo to obtain (S)-N-tert-
butyloxycarbonylamino-3-methylbutyric acid methyl ester [151] as a colourless oil 
in 90-100 %. The NMR spectra showed clear signals of the expected product The 
Boc-protected material was used without further purification, although the Boc 
group is relatively stable on silica 
Next, the (S)-N-tert-butyloxycarbonylamino-3-methylbutyric acid methyl ester 
[151] was reduced to an aldehyde [152] for immediate oxime formation to avoid 
epimerisation at the aldehyde a-carbon centre. (S)-N-tert-Butyloxycarbonylamino-
3-methylbutyric acid methyl ester [151] in dry toluene was cooled to -78°C by 
means of a cooling bath (cardice/ acetone) under nitrogen. A 1.0M solution of 
diisobutylaluminium hydride (DmAH) in toluene was added very slowly dropwise 
with the aid of syringe pump to the solution of ester and stirring was continued for 
30 min after the complete addition ofDffiAH solution. To avoid reduction of the 
generated aldehyde, that is more prone to reduction than the corresponding ester, 
the reaction mixture should be kept below -70°C and the reducing agent should be 
added very slowly, avoiding any local temperature increase. The reaction mixture 
was quenched by addition of methanol and poured into a solution of Rochelle salt 
in water and then the solution was stirred vigorously for 2 h. It is important that the 
methanol was added very slowly because of the evolution of hydrogen gas. Rapid 
addition might cause vigorous evolution of hydrogen gas on warming and problems 
might arise from the exothermic reaction. The aqueous phase was separated and 
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extracted with ethyl acetate; the organic layers were washed with saturated brine. A 
colourless oil of (S)-2-tert-butyloxycarbonylamino-3-methylbutanal [152] was 
generated in 79-100 % yield and was used directly for the formation of oxime, (S)-
2-tert-butyloxycarbonylamino-3-methylbutanaldoxime [153]. 
The crude aldehyde was dissolved in a minimum amount of ethanol and was added 
to a solution of hydroxylamine hydrochloride and sodium acetate in water. The 
reaction mixture was heated to 70°C for 10 min, then was cooled to room 
temperature and was stored in a refrigerator at 0 °e overnight. Hydroxylamine is a 
nitrogen-containing base, a close relative compound of ammonia and it is a 
powerful nucleophile. Aldoximes can be synthesized by condensation of the crude 
aldehyde with hydroxylamine hydrochloride and sodium acetate. Precipitation was 
seen as a white solid of (S)-2-tert-butyloxycarbonylamino-3-methylbutanaldoxime 
[153] was generated in 86-100 % as a mixture of the syn and anti isomers in 2: I. 
However, precipitation sometimes took a long time or even did not occur, so 
extraction was needed with ethyl acetate and removal of the solvent in vacuo gave 
the desired oxime product. The NMR spectrum was recorded using d<;-DMSO and 
the IR spectrum was recorded using nujol. The resulting spectra were all in accord 
with the desired structure. 
The enamine dipolarophile component, tert-butyl 3-(pyrrolidin-I-yl)but-2-enoate 
[121], was prepared as follows (Scheme 24): a solution of tert-butyl acetoacetate 
[154] and pyrrolidine [155] in toluene was heated together at reflux under Dean-
Stark conditions until no further water was generated. At the end of the reaction a 
theoretical amount of water had collected in the Dean-Stark trap, effectively 
removing the water in the reaction as an azeotrope. Removal of the solvent in 
vacuo gave a yellow solid of tert-butyl 3-(pyrrolidin-I-yl)but-2-enoate [121] in 
nearly 100 % yield. The enamine product was analysed and the structure was 
confirmed by IR. IH NMR, l3e NMR, DEPT and mass spectra. The enamine was 
used directly for the 1,3-dipolar cycloaddition and the remaining enamine was 
stored in the freezer in case of getting hydrolysed. 
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2.1.2 - Isoxazole formation via l,3-dipolar cycloaddition 
To complete the 1,3-dipolar cycloaddition (Scheme 25), the nitrile oxide was 
generated. (S)-2-tert-Butyloxycarbonylamino-3-methylbutanaldoxime [153] in 
chloroform was treated with N-chlorosuccinimide, and underwent C-chlorination to 
give the hydroximoyl chloride [156]. When the oxime had all reacted, where the 
reaction mixture was monitored by TLe and a colour change from colourless to 
blue-green was observed, triethylamine was added slowly to the refluxing mixture 
to give the nitrile oxide 1,3-dipole, which was then reacted with 2.2 equivalents of 
tert-butyl 3-(pyrrolidin-1-yl)but-2-enoate [121] in situ to undergo cycloaddition to 
form the isoxazole ring. The isoxazole product, tert-butyl 3-(1-tert-
butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-carboxylate [157] was 
purified using column chromatography eluting with light petroleum:ethyl acetate 
(3:1 v/v). The fractions collected were examined by NMR and IR spectra and were 
found to comprise the isoxazole product in 21-55 % yield. 
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Scheme 25 
From repeated experimentation, it was showed that the major by-product is the ~ 
keto ester, derived from hydrolysed excess enamine which was found to be difficult 
to separate from the isoxazole. The RF values of both the isoxazole and the by-
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product were very close together. Therefore, fresh enamine was used to minimize 
the formation of a hydrolysed product and repeated purification using column 
chromatography was also used to separate the by-product. The mechanism of 1,3-
dipolar cycloaddition of isoxazole formation is shown in Scheme 26, there is an 
elimination ofpyrrolidine at the end of the proposed mechanism. 
BocHN 
Scheme 26 
Due to the formation of the hydrolysed by-product, it was thought that excess 
enamine might improve the cycloaddition yield, so 5.5 equivalents of enamine were 
used in the 1,3-dipolar cycloaddition reaction. Althought yield was gained (59 %) 
in this respect, it was balanced by the presence of more hydrolysed enamine in 
separation. 
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Several modifications have been investigated to try to minimize or avoid the 
formation of the predicted hydrolysed product or to facilitate cycloadduct 
purification. We have tried to generate another oxime [160] and enamine [162] 
with different protecting groups, benzyloxycarbonyl (Z) and ethyl group 
respectively, to try to form different isoxazoles [163] and [164] to see whether it 
helps in the separation (Scheme 27, 28 and 29). 
NaHC03 
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~H2 MeOH ~H2.HCI EtOAc-H20 NHZ 
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The Z-protected nitrile oxide precursor oxime [160] was prepared similarly to the 
Boc-protected oxime [153] from (S)-valine [149] (Scheme 27). The first step was 
esterification as described previously using acetyl chloride in dry methanol. 
The next step was the protection of the amine group with Z, introduced by the 
reaction with benzyl chloroformate as follows: benzyl chloroformate was added 
dropwise to a two-phase solution of (S)-2-amino-3-methylbutyric acid methyl ester 
hydrochloride [150] and sodium hydrogen carbonate in ethyl acetate and water at 0 
0C with stirring. The reaction was stirred at room temperature for 17 h and the 
mixture was acidified to pH 1 using 2M HCI, then extracted with ethyl acetate and 
washed with saturated brine. 2-Benzyloxycarbonylamino-3-methylbutyric acid 
methyl ester [158] was purified using column chromatography eluting with light 
petroleum:ethyl acetate (1:3 v/v). The fractions collected were examined by NMR 
and IR. spectra and were found to give the pure expected product [158] in 82 % 
yield. 
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Next, the ester group was reduced to an aldehyde for immediate oxime formation 
using the same method as for the N-tert-butyloxycarbonylamino-3-methylbutyric 
acid methyl ester [152]: 2-benzyloxycarbonylamino-3-methylbutyric acid methyl 
ester [158] in dry toluene was cooled to -78°C by means of a cooling bath (cardice/ 
acetone) under nitrogen. A 1.0 M solution of diisobutyla1uminium hydride 
(DmAH) in toluene was added slowly dropwise with the aid of a syringe pump to 
the solution of ester and stirring was continued for 30 min after the complete 
addition of the DmAH solution. The reaction mixture was quenched by addition of 
methanol and was poured into a solution of Rochelle salt in water. The mixture 
was then stirred vigorously until the disappearance of the emulsion. The aqueous 
phase was separated and extracted with ethyl acetate; the organic layers were 
washed with saturated brine. A colourless oil of 2-benzyloxycarbonylamino-3-
methylbutanal [159] was generated and was used directly for the formation of the 
oxime, 2-benzyloxycarbonylamino-3-methylbutanaldoxime [160]. 
The aldehyde [159] in ethanol was treated with hydroxylamine hydrochloride and 
sodium acetate in water at 70°C with stirring for 10 min. The mixture was cooled 
and stored in a refrigerator for 17 h to see precipitation. The precipitate was filtered 
and the remaining solution was extracted with ethyl acetate and washed with 
saturated brine. A white solid of 2-benzyloxycarbonylamino-3-
methylbutanaldoxime [160] was generated in 97 % yield. 
The alternative enamine component, ethyl 3-(pyrrolidin-I-yl)but-2-enoate [162], 
was prepared as follows (Scheme 28): a solution of ethyl acetoacetate [161] and 
pyrrolidine [155] in toluene was heated together at reflux under Dean-Stark 
conditions until no further water was generated. At the end of the reaction, the 
theoretical amount of water had collected in the Dean-Stark trap, effectively 
removing the water in the reaction. Removal of the solvent in vacuo gave a brown 
solid of ethyl 3-(pyrrolidin-I-yl)but-2-enoate [162] in almost lOO % yield. The 
enamine product was analysed and the structure was confirmed by 1R, IH NMR, 
l3C NMR and DEPT spectra. 
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With the successful preparation of the different oxime and enamine, different 
isoxazoles could be genemted via 1,3-dipolar cycloaddition (Scheme 29). To 
complete the 1,3-dipolar cycloadditions, the nitrile oxides were generated. The 
oximes, (S)-2-tert-butyloxycarbonylamino-3-methylbutanaldoxime [153] or 2-
benzyloxycarbonylamino-3-methylbutanaldoxime [160], in chloroform were 
treated with N-chlorosuccinimide, and underwent C-chlorination to give the 
hydroximoyl chloride. When the oximes had all reacted (monitored by TLC), 
triethylamine was added slowly to the refluxing mixtures to give the nitrile oxide 
1,3-dipoles, which were then reacted with the enamine [162] in situ to undergo 
cycloaddition to form the isoxazole ring. The isoxazole products, ethyl-3-[(S)-I-
tert-butoxycarbonylamino-2-methylpropyl]-5-methylisoxazole-4-carboxylate [163] 
and ethyl-3-[(S)-I-benzyloxycarbonylamino-2-methylpropyl]-5-methylisoxazole-4-
carboxylate [164] were purified using column chromatography eluting with light 
petroleum:ethyl acetate (3:1 v/v). The fractions collected were examined by NMR 
and IR. spectm and were found to give the isoxazole product in 36 % and 40 % 
yield. 
Unfortunately, the problem of the hydrolysed excess enamine reagent seems to 
occur in all these isoxazole formations. We thought it might be due to the 
protecting groups on the isoxazole acting as the dominant feature on the TLC and 
driving the ~ values of two spots close to each other and therefore making it 
difficult to sepamte. Therefore, we have genemted another oxime using (S)-
phenylglycine hydrochloride salt [165] (Scheme 30) to undergo cycloaddition with 
the enamine, tert-butyI3-(pyrrolidin-l-yl)but-2-enoate [121] to form the isoxazole, 
tert-butyl 3 -(tert-butoxycarbonylaminophenylmethy 1)-5-methylisoxazole-4-
carboxylate [169] (Scheme 31), as it contains a phenyl group. It would be UV 
detectable using HPLC and it might help to solve the problem with the aid of the 
automated flash master column chromatography at Novartis. 
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tert-butyl 3-(tert-butoxycarbonylaminophenylmethyl)-5-
methylisoxazole-4-carboxylate [169] was prepared by intermolecular 1,3-dipolar 
cycloaddition of the nitrile oxide derived from the oxime, (S)-2-tert-
butyloxycarbonylamino-I-phenylacetaldoxime [168] with the enamine [121]. 
The nitrile oxide precursor oxune, (S)-2-tert-butyloxycarbonylamino-l-
phenylacetaldoxime [168], was prepared from (S)-aminophenylacetic acid methyl 
ester hydrochloride [165] using a similar sequence to the two oxime preparations 
described previously. Commercially available ester hydrochloride salt [165] was 
first protected with a Boc group: Boc-protection of the amino group was carried out 
by reaction with di-tert-butyl dicarbonate. Triethylamine and di-tert-butyl 
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dicarbonate in dichloromethane were added successively to a suspension of (S)-
aminophenylacetic acid methyl ester hydrochloride [165] in dichloromethane at 0 
°C with stirring. The reaction was stirred at room tempemture for 17 h and the 
mixture was extracted with IM citric acid solution and satumted brine. Unreacted 
basic amines were extracted from the organic solvents into an acidic aqueous phase. 
(S)-tert-Butoxycarbonylaminophenylacetic acid methyl ester [166] was obtained as 
a colourless oil in 100 % yield and the structure was confirmed with NMR and IR. 
spectra. 
The ester was then reduced to the aldehyde for immediate oxime formation. (S)-
tert-Butoxycarbonylaminophenylacetic acid methyl ester [166] in dry toluene was 
cooled in the cooling bath (cardice/ acetone) under nitrogen. A 1.0M solution of 
diisobutylaluminium hydride (DffiAH) in toluene was added slowly to the solution 
and was stirred for 30 min after the addition ofDmAH. The reaction mixture was 
kept below -70 °C and the reaction mixture was quenched by addition of methanol 
and poured into a solution of Rochelle salt in water. The mixture was then stirred 
for 2 h. The aqueous phase was sepamted and extracted with ethyl acetate; a 
colourless oil of (S)-2-tert-butyloxycarbonylamino-1-phenylethanal [167] in 88 % 
yield was generated and was used directly for the formation of oxime, (S)-2-tert-
butyloxycarbonylamino-l-phenylethanaldoxime [168] by treatment with 
hydroxylamine hydrochloride and sodium acetate. A white solid of (S)-2-tert-
butyloxycarbonylamino-1-phenylacetaldoxime [168] was genemted in 87 % yield. 
The next step was to complete the 1,3-dipolar cyc1oaddition, and the nitrile oxide 
was genemted as in the previous procedures for isoxazole formation: (S)-2-tert-
butyloxycarbonylamino-1-phenylacetaldoxime [168] in chloroform was treated 
with N-chlorosuccinimide, and underwent C-chlorination to give the hydroximoyl 
chloride. Triethylamine was added slowly to the refluxing mixture to give the 
nitrile oxide 1,3-dipole, which was then reacted with tert-butyl 3-(pyrrolidin-1-
yl)but-2-enoate [121] in situ to undergo cycloaddition to form the isoxazole ring. 
The isoxazole product, tert-butyl 3-(tert-butoxycarbonylaminophenylmethyl)-5-
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methylisoxazole-4-carboxylate [169] was purified using column chromatography 
eluting with iso-hexane (mixture of different hexanes):ethyl acetate (9:1 v/v). A 
yellow oil in 56 % yield was obtained and the same problem resulted from the 
hydrolysed excess reagent. 
We had thus prepared four protected isoxazoles, although yields were moderate due 
to the purification problem in each case. With the various isoxazoles, the next stage 
was the formation of the bicyclic pyrroloisoxazole, which involve the coupling of 
the amino group with the carbonyl group. 
2.1.3 - Pyrroloisoxazole formation 
From our strategy, the pyrroloisoxazole is used as a masked acyltetramic acid and 
enables chain extension at C-3. The lactam ring closure can be achieved by a 
peptide coupling reaction. 
2.1.3.1 - Peptide coupling - formation of pyrroloisoxazole, the masked tetramic 
acid 
Peptide coupling reactions have been developed for many years and a number of 
valuable reviews have been published in this area. 62 Phosphonium, uronium, 
immonium, carbodiimide, imidazolium. organophosphorus, acid halogenating, 
chloroformate, pyridinium and other coupling reagents have been developed and 
their applications are often useful in organic synthesis. Examples of some peptide 
coupling reagents and activating additives are shown in Table 3. 
The most commonly 
dicyclohexylcarbodiimide 
used reagent m peptide synthesis is 1,3-
(DCC), however the hydrated DCC adduct, 
dicyclohexylurea (DCU) usually makes purification more difficult. Therefore in 
our strategy, we have introduced a water-soluble derivative, 1-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI), where the urea by-
product is water-soluble and can easily be removed by extraction; and also a resin 
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bound derivative, polystyrene carbodiimide (PS-CD!), where the by-product 
produced is bound to the resin and easily removed by filtration. Problems 
associated with carbodiimide peptide couplings include unwanted side reactions 
such as N-acylurea formation and racemization via formation of an oxazolone 
intermediate and these problems are believed to be solved by addition of coupling 
additives, which are also useful for the coupling of sterica1ly hindered components 
or when the amine is weakly nucleophilic. Although the most common additive is 
I-hydroxybenzotriazole (HOBt), we have used N-hydroxysuccinimide (HOSu) as a 
better set of results has been produced from our strategy. 
Example of Peptide Coupling Reagents and Activating Additives 
OCC 
I Sheehan 1955 
/N~N==-==N-Et 
EOCI 
Sheehan 1961 
·HCI 
I ~ '\ o=N h / HOAt N N, 
Carpi no 1993 OH 
~N~ ~_.A ~N PF-
N N, 6 NMe 
HATU O-!/ 2 
Carpino 1993 \ 
NMe2 
OCC = 1,3-dicyclohexylcarbodiimide 
COl = carbonyldiimidazole 
F\ F\ NVN!(N~N 
COl 0 
Staab 1957 
~N,\ 
HOBt Vi-N/ 
Konig 1970 ~O 'OH 
N-OH 
HOSu 
Wiinsch 1966 0 
C PF; ( N*~;-Br 
PyBroP 
Coste 1991, 1994 
EOCI = 1-ethyl~3'-dimethylaminopropyl)carbodiimide hydrochloride 
HOBt = 1-hydroxybenzotriazole 
HOAt = 1-hydroxy-7 -azabenzotriazole 
HOSu = hydroxysuccinimide 
HA TU = 0-(7 -azabenzotriazol-1-yl)-1, 1 ,3,3-tetramethyluronium hexafluorophosphate 
PyBroP = bromotris(pyrrolidino)phosphonium hexafluorophosphate 
Table 3 
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Before the ring closure of the building block pyrroloisoxazole, removal of the tBu 
and Boc protecting groups from isoxazoles [157] and [169] was necessary (Scheme 
32). The reason for choosing these two isoxazoles with both the tBu and Boc 
protecting groups is that they can be removed in one single step using trifluroacetic 
acid. The reactions were carried out using trifluoroacetic acid to give the amino 
acid trifluoroacetate salts. As the trifluoroacetate salts are moisture sensitive, they 
are not stable products for storage, so were treated with hydrochloric acid to 
convert them into the stable hydrochloride salts, 3-(1-amino-2-methylpropyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride [170] and 3-
(aminophenylmethyl)-5-methylisoxazole-4-carboxylic acid hydrochloride [171]. 
With the difficulties in isolating pure isoxazoles from the cycloaddition step, our 
deprotection step results for the isoxazoles were variable, from 50-90 % yield. The 
products were analysed and the structures confirmed by IH NMR, 13C NMR and IR 
spectra. 
N-O . TFA N-O HOSu, EOCI yy--~! 2M HCI yy-- E~N, OMF R ,0- 11, .. R ,0- rt, 17h R .. 
o 
R = Isopropyl 157 or 
phenyl 169 
R = Isopropyl 170 or 
phenyl171 50-90% 
R = Isopropyl 172 8-31% 
Scheme 32 
With the deprotected isoxazoles, coupling of the amino and carbonyl groups can be 
carried out. We first tested with the deprotected valine isoxazole salt [170]: 3-(1-
amino-2-methylpropyl)-5-methylisoxazole-4-carboxylic acid hydrochloride [170] 
was activated using 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide 
hydrochloride (EDCl) and triethylamine with the presence of N-
hydroxysuccinimide. The role of N-hydroxysuccinimide is to genemte an activated 
ester that is attacked by the amino group and thus cyclised the second 5-membered 
ring, giving the pyrroloisoxazole, 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [172]. The crude product was purified by column 
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chromatography, gradient eluting with ethyl acetate:light petroleum (5: 1 v/v), 
which gave a yield of 8-31 % of pure product The structure of the compound was 
confirmed by IH NMR, l3C NMR and IR spectra. 
Experiments were carried out in dry conditions, i.e., the starting material was dried 
over phosphorus pentaoxide and all apparatus was dried in the oven overnight; and 
also with very slow addition of triethylamine to avoid temperature increase in the 
reaction. It was first thought the experiments could be undertaken in the absence of 
the N-hydoxysuccinimide, but the results from those experiments seem to be very 
variable (from failed to 21 % yield). With the low yield obtained from the 
experiments, some investigations have been made. Peptide coupling reagent, 
PyBrop, has been used instead ofEDCI and there were also some modifications on 
the conditions, i.e., using microwave, at 30°C and also 50 °C. Unfortunately all 
these reactions either gave a poor yield or failed. 
An experiment was carried out with another peptide coupling reagent, 0-(7-
azabenzotriazol-I-yl)-I, 1 ,3 ,3-tetramethyluronium hexafluorophosphate (HATU) 
and it has shown an improvement on the result (Scheme 33). The 3-(I-amino-2-
methylpropyl)-5-methylisoxazole-4-carboxylic acid hydrochloride [170] was 
treated with HATU in a solution of peptide grade dimethylformamide (DMF). 
Diisopropylethylamine (DIPEA) was added to activate the amine, which cyc1ised to 
give the pyrroloisoxazole, 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c 1isoxazol-4-one [172]. The crude product was purified by column 
chromatography, gradient eluting with iso-hexane:ethyl acetate (1:1 v/v), which 
gave a yield of 40 % of pure pyrroloisoxazole. The structure of the compound was 
confirmed by IH NMR spectroscopy. 
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Another peptide coupling reagent, polystyrene carbodiimide (pS-COl), was also 
tested (Scheme 34). PS-CDI was added to the solution of 3-(I-amino-2-
methylpropyl)-5-methylisoxazole-4-carboxylic acid hydrochloride [170] in the ratio 
1:9 of dimethylfonnamide and dichloromethane. Triethylamine was added to 
activate the amine which cyclised the second 5-membered ring, giving the 
pyrroloisoxazole, 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [172]. The crude product was purified by column 
chromatography, gradient eluting with iso-hexane:ethyl acetate (1:1 v/v), which 
gave a greatly improved yield of 66 % and the structure of the compound was 
confirmed by IH NMR spectroscopy. 
PS-CDI 
E~N 
DMF-DCM 
rt,17h 
.. 
Scheme 34 
o 172 66% 
With the great improvement on the peptide coupling step, we are now able to 
prepare the pyrroloisoxazole building block more efficiently and hopefully we can 
move on to our anion condensation chemistry with different aldehydes. We have 
also tested the peptide coupling reaction with the deprotected phenylglycine 
isoxazole salt, 3-(aminophenylmethyl)-5-methylisoxazole-4-carboxylic acid 
hydrochloride [171] with the polystyrene carbodiimide reagent to successfully 
generate the pyrroloisoxazole building block [173] in 50 % yield (Scheme 35). 
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2.1.4 - Cleavage of the N-O bond of the isoxazole 
o 173 SO% 
Meanwhile, we also suspected that there might be some sort of influence from- the 
isoxazole on the second ring (pyrroloisoxazole) formation, with the constraints of 
pre-existing Sp2 centers and the required formation of a lactam with its own 
geometric restriction. Hence, we considered a slightly different route to make the 
acyltetramic acid which is to cleave the N-O bond of the isoxazole before the 
second ring formation (Scheme 36). We wished to see whether we can leave the 
lactam closure until after the cleavage of N-O bond, then if that is successful, we 
could test the anion chemistry on the 5-methyl group of the isoxazoles and avoid 
lactam closure before N-O cleavage. 
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Cleavage of the N-O bond of the isoxazole can be achieved by hydrogenation and 
the first reagent we used was 10 % palladium on carbon. The isoxazoles, tert-butyl 
3-(I-tert-butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-carboxylate 
[157] and ethyl 3-(S)-I-tert-butoxycarbonylamino-2-methylpropyl)-5-
methylisoxazole-4-carboxylate [163] were tested, with the Boc-protected amine 
rather than the Z-protected amine as hydrogenation would also remove the Z-group. 
The catalyst was added to the isoxazoles [157] and [163] in ethanol and the mixture 
was stirred vigorously for 24 h under an atmosphere of hydrogen. The reaction 
mixture was filtered using a glass-fibre filter paper and then concentrated in vacuo, 
and the material was analysed with HPLC and IH NMR spectroscopy. 
Unfortunately we have only observed starting material after the reaction. 
3-(I-Benzyloxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-carboxylic 
acid ethyl ester [164] was also tested, with the Z-protected amine. We would like 
to see if cyclization occurs with the free amine group as the Z-group can be 
removed by hydrogenation. The catalyst was added to the isoxazole [164] in 
ethanol and the mixture was stirred vigorously for 24 h under an atmosphere of 
hydrogen. The reaction mixture was filtered using a glass-fibre filter paper and 
then concentrated in vacuo, and the material was analysed with HPLC and IH NMR 
spectroscopy. As expected, the Z-protecting group was removed, but we were 
unable to identify the product as only an inconclusive NMR was obtained. 
The second reagent we used for hydrogenation was Raney-Nickel. The isoxazole, 
tert-butyl 3-(I-tert-butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-
carboxylate [157] in ethanol was run in an H-cube system using catcart Raney-
Nickel under 30 bar at 45°C. The reaction also gave back the starting material. 
Unfortunately, there was some technical problem with the H-cube, so we were 
unable to repeat the hydrogenation with the H-cube under different reaction 
conditions. 
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Althought there was disappointment from the result of the hydrogenation chemistry 
for N-O bond cleavage of the isoxazole, we have successfully generated the 
pyrroloisoxazoles with a better method. We are now able to move onto anion 
condensation chemistry for chain extension. 
2.2 - Chain extension - elaboration on C-3 of the pyrrolisoxazole 
After achieving the formation of pyrroloisoxazole, the next target was to elaborate a 
side chain onto the C-3 substituent of the pyrroloisoxazole. Elaboration of the 
pyrroloisoxazole can be achieved by aldol condensation, the 'enolate' of the C-3 
methyl group reacting with the carbonyl group of another molecule under basic or 
acidic conditions to obtain a hydroxy adduct (Schemes 37 and 38).63 
The base-catalysed aldol reaction sometimes gives the elimination product from the 
initial adduct, depending on the reaction conditions. The more vigorous conditions 
like stronger base, higher temperatures, longer reaction time, etc, tend to give the 
elimination product. The acid-catalysed aldol reaction commonly gives the 
unsaturated product as the elimination is even easier in acid solution. 
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It has been shown that the C-3 position of the pyrroloisoxazole [159] can be 
deprotonated and quenched with the appropriate aldehyde using lithium 
diisopropylamide (LDA) as the deprotonation method.ss It is also suggested from 
related results by another group member, that the butyllithium (n-BuLi) 
deprotonation method can achieve a better result. The possible positions for 
deprotonation are shown on Scheme 39. 
N H H~ ___ • 
1~; Lj o 1 
Scheme 39 
H 
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o 
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We decided first to use benzaldehyde as it is non-enolisable, to examine the two 
deprotonation methods to find the best procedure for the elaboration on this 
position (Scheme 40). We would hope later to extend this to different aldehydes 
including both aromatic and aliphatic aldehydes. 
LDA/nBuLi 2.2 eq 
Benzaldehyde 
THF,1 h, -78 °C 
~ 
o 172 
Scheme 40 
OH 
LDA=-10% 
nBuLi=36% 
Lithium diisopropylamide (LDA) was formed by treating a cooled (cardicel acetone) 
tetrahydrofuran solution of diisopropylamine with n-butyllithium and allowing the 
solution temperature to reach 0 °C or room temperature as the cooling bath 
temperature (- 78°C) is not able to form LDA. n-Butyllithium is commercially 
available as a 2.5M solution in hexanes. Deprotonation of the pyrroloisoxazole, 6-
(l-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazo1-4-one [172] was 
carried out with LDA or n-BuLi at -78°C for 1 h. Excess of the distilled 
benzaldehyde was added to the solution; the reaction mixture was quenched with 
water after 1 h and concentrated in vacuo. The reaction mixture was acidified with 
2M hydrochloric acid and extracted to give (S)-3-(2-hydroxy-2-phenylethyl)-6-
isopropyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [191] as a light yellow solid in 
-10 % and 36 % yield respectively. 
From the results, it appeared that n-BuLi can achieve a better result, so we decided 
to examine the anion condensation chemistry with n-BuLi and as the yield of the 
reaction was not very good, some investigations were undertaken. Titration tests63 
on the concentration of the n-BuLi showed that the concentration of the solution 
was only half the concentration shown on the bottle and there was an increase in 
yield when double the amount of the n-BuLi was used from the original reaction. 
There was also an increase in yield (to 56 %) when we doubled the equivalents of 
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n-BuLi to the pyrroloisoxazole [172]. Even though the 4.4 equivalents ofn-BuLi 
was believed to give a better result than the 2.2 equivalents; we decided to use 3.2 
equivalents instead, as the excess ofn-BuLi might lead to more side reactions of the 
aldehyde and therefore result in more complications with the analysis. 
From our HPLC results, it showed that there was some unsaturated product 
obtained from the reaction even though the TLC had shown only one single spot 
(Scheme 41); from the IH NMR. spectrum we would see both hydroxyl adduct and 
unsaturated product; there is a doublet signal at -8.11 (C=C) and also multiplet 
signal at -3.35 (CH2) and -5.30 (CHOH); the ratio of hydroxyl adduct 
[191]:unsaturated product [192] is 8:1. The problem was solved when the 
acidification step in the work-up was carried out once the flask was cooled from 
excess heat of the rotary evaporator to room temperature. 
n-BuLi 3.2 eq 
Benzaldehyde 
THF,1 h, -78 °C 
.. 
o 172 
Scheme 41 
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Different aromatic aldehydes were tested; we decided to use 4-nitrobenzaldehyde 
and 4-methoxybenzaldehyde (Scheme 42). 4-Nitrobenzaldehyde has an electron-
withdrawing effect and should be more reactive than benzaldehyde; 4-
methoxybenzaldehyde has an electron-donating effect and it should be less 
electrophilic than the benzaldehyde. 
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The deprotonation of pyrroloisoxazole, 6-(1-methylethyl)-3-methyl-S,6-dihydro-
4H-pyrrolo[3,4-c]isoxazol-4-one [172] was carried out with n-BuLi at -78°C for 1 
h. Excess of distilled 4-nitrobenzaldehyde or 4-methoxybenzaldehyde was added 
to the solution; the reaction mixture was quenched with water after 1 h and then 
concentrated in vacuo. The reaction mixture was acidified with 2M hydrochloric 
acid and extracted. We have found that the product produced in the 4-
nitrobenza1dehyde reaction is more difficult to purify than the other reaction. So 
the scavenger resin, polystyrene p-toluenesulfonylhydrazide (pS-TsNHNH2), was 
used to help the removal of the 4-nitrobenzaldehyde. PS-TsNHNH2 is a resin-
bound derivative of p-toluenesulfonylhydrazide and readily reacts with aldehydes 
and ketones. Surprisingly, 3-[2-hydroxy-2-( 4-nitrophenyl)ethyl]-6-isopropyl .. S ,6-
dihydropyrrolo[3,4-c]isoxazol-4-one [193] was not observed, but (S)-3-[2-hydroxy-
2-(4-methoxyphenyl)ethyl]-6-isopropyl-S,6-dihydropyrrolo[3,4-c]isoxazoI-4-one 
[194] was obtained in 47 % yield. 
With the unexpected result, another electron-withdrawing effect aldehyde, 4-
trifluorobenzaldehyde, was tested using the same procedure (Scheme 43). However, 
we again failed to obtain the expected product [195]. 
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Scheme 43 
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After testing with different aromatic aldehydes, we decided to test the anion 
chemistry with heterocycle aldehydes, pyridin-3-carboxyaldehyde and 2-
furaldehyde (Scheme 44). The reactions were carried out using the same procedure: 
n-BuLi was added to a solution of pyrroloisoxazole, 6-(1-methylethyl)-3-methyl-
5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [172] in tetrahydrofuran at -78°C for 
1 h. Excess of distilled aldehyde was added to the solution; the reaction mixture 
was quenched with water after 1 h and then concentrated in vacuo. Acidic work-up 
was not employed for pyridine-3-carboxyaldehyde as the basic pyridine ring was 
present. The hydroxyl product, (S)-3-[2-hydroxy-2-(pyridin-3-yl)ethyl]-6-
isopropyl-5,6-dihydropyrrolo [3,4-c ]isoxazol-4-one [196] was obtained in low yield 
(7 %), which was not reproducible and (S)-3-[2-(furan-2-yl)-2-hydroxyethyl]-6-
isopropyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [197] was obtained in a 
reasonable yield (32 %). 
Pyridin-3-carboxyaldehyde 
nBuLi 3.2 eq N-O 
THF -78°C I 
OH 
o 172 
o 172 
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Scheme 44 
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We have also tested with aliphatic aldehydes, pentanal (valeraldehyde) and 
henxanal (Scheme 45). The reactions were also carried out using the same 
procedure: n-BuLi was added to a solution of pyrroloisoxazole, 6-(I-methylethyl)-
3_methyl_5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-0ne [172] in tetrahydrofuran at-
78°C for 1 h. Excess of distilled aldehyde was added to the solution; the reaction 
mixture was quenched with water after 1 h and then concentrated in vacuo. The 
reaction mixture was acidified with 2M hydrochloric acid and extracted. (S)-3-(2-
Hydroxyhexyl)-6-isopropyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [198] was 
obtained in 21 % yield, but (S)-3-(2-hydroxyheptyl)-6-isopropyl-5,6-
dihydropyrrolo[3,4-c]isoxazol-4-one [199] was not isolated from the henxanal 
reaction. 
Pentanal OH 
nBuLi3.2eq 
THF -78OC 
.. 
0 198 21% 
Hexanal OH 
nBuLi 3.2eq 
THF -78 oe 
* 0 172 199 
Scheme 45 
Meanwhile, we have also tried the condensation chemistry with the other 
pyrroloisoxazole, 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c ]isoxazol-4-one [173] 
with different aldehydes, benzaldehyde, 4-methoxybenzaldehyde, 2-furaldehyde, 
pentanal and hexanal (Scheme 46): n-BuLi was added to a solution of the 
pyrroloisoxazole in tetrahydrofuran at -78°C for 1 h. Excess of distilled aldehyde 
was added to the solution; the reaction mixture was quenched with water after 1 h 
and then concentrated in vacuo. The reaction mixture was acidified with 2M 
hydrochloric acid and extracted to yield (S)-3-(2-hydroxy-2-phenylethyl)-6-phenyl-
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5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [200] in 36 %, (S)-3-[2-hydroxy-2-(4-
methoxyphenyl)ethyl]-6-phenyl-5,6-dihydropyrrolo[3,4-c] isoxazol-4-one [201] in 
27 % and (S)_3_[2_(furan_2_yl)_2_hydroxyethyl]-6-phenyl-5,6-dihydropyrro10[3,4-
c]isoxazol-4-one [202] in 25 %. Unfortunately, we failed to obtain (S)-3-(2-
hydroxyhexyl)-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [203] and (S)-3-
(2_hydroxyheptyl)-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-0ne [204] from 
the pentanal and hexanal reactions. 
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Having generated the hydroxyl adducts from the elaboration on the C-3 methyl 
group of the pyrroloisoxazoles, the next step was elimination of the alcohol to give 
the dehydrated alkenyl product. The reaction was completed in acidic condition 
with removal of water (Scheme 47). Four hydroxy compounds, two from the valine 
series and two from the phenylglycine series, (S)-3-(2-hydroxy-2-phenylethyl)-6-
isopropyl-5,6-dihydropyrrolo[3,4-c ]isoxazol-4-one [191], (S)-3-[2-hydroxy-2-( 4-
methoxyphenyl)ethyl]-6-isopropyl-5,6-dihydropyrrolo[3 ,4-c ]isoxazol-4-one [194], 
(S)-3-(2-hydroxy-2-phenylethyl)-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one 
[200] and (S)-3-[2-hydroxy-2-( 4-methoxyphenyl)ethyl]-6-phenyl-5,6-
dihydropyrrolo[3,4-c]isoxazole-4-one [201] were used in the elimination using p-
toluenesulfonic acid (tosic acid; PTSA) in toluene. The reaction mixture was 
heated to reflux under Dean-Stark conditions for 17 h and was washed with 
saturated sodium carbonate solution. A white solid of (S)-6-isopropyl-3-[(E)-2-
phenylethenyl]-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one [205] in 77 % yield and 
(S)-6-isopropyl-3-[(E)-2-(4-methoxyphenyl)ethenyl]-5,6-dihydropyrrolo[3,4-
c]isoxazol-4-one [206] in 97 % yield were obtained; both the phenylglycine series 
reactions for (S)-6-phenyl-3-[(E)-2-phenylethenyl]-5,6-dihydropyrrolo[3,4-
c]isoxazol-4-one [207] and (8)-3-[(E)-2-( 4-methoxyphenyl)-ethenyl]-6-phenyl-5,6-
dihydropyrrolo[3,4-c]isoxazol-4-one [208] were unsuccessful; we were not able to 
recover the starting materials after the reaction, they were probably decomposed 
during the reaction and interpretion could not be made from the NMR of the 
reaction materials. The protons from the valine series' olefin were observed as two 
doublets, 7.11-7.15 and 8.00-8.04 for [205]; 6.97-7.01 and 7.96-8.00 for [206]. The 
coupling constant of the doublets are J 16.4 Hz which showed both the compounds 
are E-geometry as the typical value for Jcis is 10Hz and Jtrans is 17 Hz. 
Although we failed to produce the dehydrated product from the phenylglycine 
series, we have successfully established the route for condensation using a strong 
base (3.2 eq of n-BuLi) to fonn the hydroxy compound. Further investigation is 
required in this area in order to generate different tetramic acids. 
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2.3 - Alkaloid-Laccarin 
As we have successfully investigated and modified the intermolecular route, we 
became interested in whether it is possible to apply the intermolecular route to the 
synthesis of desmethyllaccarin (Scheme 48). 
Laccarin (Figure 28) is an alkaloid that was isolated from the Japanese mushroom 
(Basidiomycotina), Laccaria vinaceoavellaneu and its structure was determined on 
the basis of a spectroscopic analysis.64 This was found to have a similar 
chromophore to that of tenuazonic acid having both phytotoxic and antineoplastic 
activity, and it showed a moderate inhibition of phosphodiesterase activity. 
However, laccarin did not show cytotoxicity against P388 mouse leukaemia or 
inhibitory activity against platelet aggregation. 
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Gallagher and co-workers reported the first total (and asymmetric) synthesis of 
laccarin [215], based on a stereochemically efficient nucleophilic cleavage step 
involving a C(3)-alkyl substituted cyclic sulfamidate [218] (Scheme 49).65 The 
sulfamidate [218] was prepared from ethyl (3R)-hydroxybutyrate [216], which was 
converted to theN-benzylamide [217], followed by reduction and conversion of the 
resulting amino alcohol to the target cyclic product [218]. The sulfamidate [218] 
was reacted with the sodium enolate of diethyl malonate efficiently, followed with 
the ring cleavage (and N-sulfate cleavage) and Boc-protection of the resulting 
adducts to give the N-Boc derivative [220]. Amination at C(2) of the N-Boc 
derivative was achieved using monochloramine, followed by N-acylation using 
diketene to give the adduct which cyclised under Claisen condition to give [223]. 
Ester hydrolysis and decarboxylation using aqueous acid generated [224]; N-benzyl 
laccarin [225a] and the cis diastereomer [225b] were achieved by N-Boc cleavage. 
The last step was debenzylation which led to (+)-Laccarin [215] (Scheme 47). 
From our planned Scheme 48, disconnection of the 6-membered ring of the 
desmethyllaccarin [214] could give the pyrroloisoxazole [213] and therefore it 
could possibly be generated by 1,3-dipolar cycloaddition from the protected 
ornithine nitrile oxide [210] and the enamine [121] in a similar manner using the 
intermolecular route. 
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2.3.1 - Approach to desmethyHaccarin using intermolecular 1,3-dipolar 
cycloaddition 
As per our previous intermolecular route, the 1,3-dipolar cyc1oaddition would be 
achieved using a nitrile oxide derived from an a-amino acid, with an enamine 
fonned from a j3--ketoester. We decided to use a protected omithine, 5-
benzyloxycarbonylamino-2-tert-butoxycarbonylamino-pentanoic acid [209] as it 
has the side chain needed for the ring closure on the last step and the N-Boc-N-Z 
ornithine [209] is commercially available (Scheme 50). 
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The protected ornithine could not be esterified under standard acid-catalysed 
conditions in the presence of acid-labile Boc and Z protecting groups. Therefore, 
the nitrile oxide precursor oxime [228] was prepared from protected ornithine, 5-
benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanoic acid [209] as 
follows: 1.1 equivalents of fmely ground potassium hydroxide was added to a 
solution of the protected ornithine, 5-benzyloxycarbonylamino-2-tert-
butoxycarbonylaminopentanoic acid [209], in dimethylformamide at 0 °C and 
stirred for 10 min. Methyl iodide was then added dropwise and the solution was 
allowed to wann to room tempemture for 17 h. The reaction mixture was quenched 
with ice and extracted with ethyl acetate. The combined organic extracts were 
dried over anhydrous magnesium sulfate, filtered and concentmted in vacuo to 
yield a crude yellow oil. Purification of the crude oil yielded 5-
benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanoic acid methyl ester 
[226] as a colourless oil in 93 % yield whose structure was confirmed with NMR 
and IR spectra 3.3 Equivalents of potassium hydroxide were originally used in the 
reaction, but the strong basic condition leaded to deprotonation (probably on one of 
the protected amines' hydrogen) and resulted in an unknown compound with extra 
CH3 signal; which has a singlet proton signal at 2.9 and carbon signal at 34.6. 
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Next, the ester was reduced to the aldehyde for immediate oxime formation using 
the same procedure as described previously: S-benzyloxycarbonylamino-2-tert-
butoxycarbonylaminopentanoic acid methyl ester [226] in dry toluene was cooled 
to -78 °C under nitrogen. A 1. OM solution of diisobutylaluminium hydride 
(DmAH) in toluene was added slowly to the solution and stirred for 30 min after 
the addition of nmAH. The reaction mixture was quenched by the addition of 
methanol and poured into a solution of Rochelle salt in water to destroy the 
emulsion. The aqueous phase was separated and extracted with ethyl acetate; a 
colourless oil of 5-benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanal 
[227] was generated in 99 % yield and was used directly for the formation of oxime, 
5-benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanaldoxime [228] by 
treatment with hydroxylamine hydrochloride and sodium acetate. Precipitation of 
5-benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanaldoxime [228] as a 
white solid was obtained in 92 % yield. The structure was confirmed with IH, l3C 
NMR spectra and accurate mass data. 
To complete the 1,3-dipolar cycloaddition, the nitrile oxide [210] was generated as 
in the previously described procedure: 5-benzyloxycarbonylamino-2-tert-
butoxycarbonylaminopentanaldoxime [228] in chloroform was treated with N-
chlorosuccinimide, and underwent C-chlorination to give the hydroximoyl chloride. 
Triethylamine was added slowly to the refluxing mixture to give the nitrile oxide 
1,3-dipole, which was then reacted with tert-butyl 3-(pyrrolidin-l-yl)but-2-enoate 
[121] in situ to give cycloaddition to form the isoxazole product, tert-butyl 3-(4-
benzyloxycarbonylamino-1-tert-butoxycarbonylamino )butyl-S-methylisoxazole-4-
carboxylate [211] in 11 % yield (Scheme SI). 
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The next step was the removal of the tBu and Boc protecting groups: tert-butyI3-
(4_benzyloxycarbonylamino-I-tert-butoxycarbonylamino )butyl-5-methylisoxazole-
4-carboxylate [211] was treated with trifluoroacetic acid and was followed by the 
conversion into the stable hydrochloride salt with 2M hydrochloric acid. A brown 
solid presumed to be 3-(l-amino-4-benzyloxycarbonylaminobutyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride [212] was obtained in 68 % yield 
of the assigned structure. Although an unambiguous interpretation could not be 
made from the NMR (as coupling of the CH2 chain could not be shown properly), 
the mass spectra showed the compound had possibly been generated. Therefore, 
the pyrroloisoxazole formation was attempted (Scheme 52). 
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----'~. HZN 
Scheme 52 
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With the limited amount of the deprotected product from the deprotection steps, an 
attempt at pyrroloisoxazole formation was carried out in a small scale. PS-
Carbodiimide was added to a solution of the presumed 3-(I-amino-4-
benzyloxycarbonylaminobutyl)-5-methylisoxazole-4-carboxylic acid hydrochloride 
[212] in the ratio of 1 :9 of dimethylformamide and dichloromethane. 
Triethylamine was added to activate the amine and allow cyclization to give the 
pyrroloisoxazole. Unfortunately, [3-(3-methyl-4-oxo-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-6-yl)propyl]carbamic acid benzyl ester [213] was not generated after the 
reaction. Further investigations are needed for both the deprotection step and the 
pyrroloisoxazole formation to complete the synthesis of the desmethyllaccarrin 
[214]. 
2.4 - Intramolecular cycloaddition route 
Having established the route using intermolecular cyc1oaddition for 
pyrroloisoxazole formation, we had also considered the possibility of an 
intramolecular cycloaddition route to our target In this approach the eventual 
lactam C-N bond is formed prior to cycloaddition. We decided to use the oxime 
[153] already in hand as our starting point for j3-ketoamide and hence enamine 
formation to provide the dipolarophile. The oxime would lead, as usuaL to the 
dipole. The planned route is shown on Scheme 53 and N-acylation of the a-amino 
group of the oxime was of interest. 
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N-Acylation can be achieved by reaction with 2,2,6-trimethyl-l,3-dioxen4-one 
(diketene-acetone adduct) [229]. The reaction of diketene-acetone adduct [229] 
was first described by Carroll and Bader in the early 1950s.66 The diketene-acetone 
adduct [229] was shown to be useful in synthesis, as it undergoes thennal 
decomposition to acetyl ketene [233], presumably via a retro-Diels-Alder reaction 
(Scheme 54).SI,67 Thus, the amine group of the reactant [234] would attack on the 
ketene carbonyl carbon atom followed by addition of a proton to yield the desired 
f3-ketoamide product [235] and acetone [236]. 
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The acylation of oxime [153] with the diketene-acetone adduct [229] was the first 
reaction examined for the intramolecular cycloaddition route. According to our 
planned route (Scheme 51), the diketene-acetone adduct [229] was added to a 
solution of (S)-2-tert-butyloxycarbonylamino-3-methylbutanaldoxime [153] in dry 
toluene, followed by a mild acid, pyridinium p-toluenesulfonate, as thermolysis 
catalyst to yield the p-ketoamide. The Boc group sometimes remained and 
sometimes disappeared from the NMR spectrum of crude product It appeared the 
product should be either N-[(S)-I-(hydroxyiminomethyl)-2-methylpropyl]-3-
oxobutyramide [230] or [(S)-I-(hydroxyiminomethyl)-2-methylpropyl]-(3-
oxobutyryl)carbamic acid tert-butyl ester [231]. Unfortunately, accurate mass 
measurement for the product suggested the prediction was wrong; neither of the p-
ketoamides were formed. However, we were unable to conclusively identify the 
products from these experiments. 
As the results from the reaction ofBoc-protected oxime were inconsistent, the mild 
acid with the high temperature sometimes led to the disappearance of the Boc group. 
Therefore we also tried using the Z-protected oxime [160] in the same reaction, and 
it gave a clearer spectrum and allowed us to assign the unexpected product structure 
as shown on Scheme 55. From the IH NMR spectrum, there was a clear CH2 signal 
as a multiplet on position Cl which interacts with the CHNH on position C2; the 
CH2 and CH3 of the ketoamide [238] appeared as singlets; the l3C NMR. spectrum 
shows all the carbons (11 carbon with the Boc-compound and 13 carbon with the Z-
compound) on the predicted structure to be present AFeCh test was also carried 
out and it supported our assignment of a hydroxamate. Thus instead of amino 
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group N-acylation, reaction had occurred at the oxime nitrogen atom, accompanied 
by a reduction. Unfortunately, the accurate mass result did not match the predicted 
structure; we do not have a good explanation of this reaction. Clearly a redox 
process is involved, but it is not known what acts as the reducing agent. 
or 0 229 
NHPG 0=:1' ~ 
- OH ~239 ~N"" w"dh/~PPTS 
PG = Boc 153 
Z 160 
dry toluene, reflux 3h 
;;~OH 
PGN[("Y 
o 0 
PG= Boc 231 
=Z 237 
o 0 
HO\~ 
~1 
NHPG 
PG= Boc 238a 
Assigned structure = Z 238b 
Scheme 55 
A more powerful acetoacetylation reagent, diketene [239], was also examined in the 
acylation of oxime. Diketene is a rather toxic reagent, behaving synthetically like 
the diketene-acetone adduct. The reactions were also carried out with the two 
protected oximes under the same condition without the presence of the pyridinium 
p-toluenesulfonate. Unfortunately, the same products, assigned structures [238b] 
were obtained. 
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2.4.2 - Synthetic approach to amino-nitro compound 
With the failure of the acylation of the amino-oxime, we decided to try a different 
approach. We hoped to form a nitro compound on the same position instead of the 
oxime [241], as an alternative nitrile oxide precursor (Scheme 56). Then the next 
task would be the N-acylation of the amino group of the nitro compound and 
eventually to form the desired nitrile oxide to complete the intramolecular 
cycloaddition. 
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2.4.2.1 - Formation of amino-nitro compound via alcohol 
We have used (S)-valine as our starting point; reduction of (S)-valine [149] was 
achieved using chlorotrimethylsilane (TMSCI) and lithium borohydride (LiB14) 
using the following procedure: TMSCI was added to a solution of LiB14 in dry 
tetrahydrofuran, then (S)-valine [149] was added to the solution. The reaction was 
kept in an ice-bath during the addition as hydrogen was evolved in this exothermic 
reaction. The reaction mixture was left to stir at room temperature for 24 h and 
quenched with methanol until there was no effervescence visible. The solvent was 
then removed in vacuo and the remaining residue was treated with 20 % potassium 
hydroxide solution. The solution was extracted and the combined organic layer 
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was dried over anhydrous sodium sulmte, filtered and concentrated in vacuo to 
yield the (S)-valinol [240] as a yellowish oil in 78 % yield. 
As shown in Scheme 57, the next planned step was tosylation using tosyl chloride. 
Triethylamine was added to (S)-valinol [240] in dichloromethane at 0 °C under 
nitrogen and followed by addition of p-toluenesulfonyl chloride. The reaction 
mixture was stirred at room temperature for overnight and then concentrated in 
vacuo. The unprotected amine did not preferentially tosylate on the alcohol group 
as the nucleophilicity of the nitrogen determined the product N-Tosylated product 
[243] was isolated in 100 % yield. 
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Therefore, protection of the amine was perfonned using both the Boc and Z 
protecting groups respectively (Scheme 58). The protection reactions were carried 
out as in the methods previously described for the valine ester. Boc-Protection of 
the amino group was carried out by reaction with di-tert-butyl dicarbonate. 
Triethylamine and di-tert-butyl dicarbonate in dichloromethane were added 
successively to a suspension of (S)-valinol [240] in dichloromethane at 0 °C with 
stirring. The reaction was stirred at room temperature for 17 h and any unreacted 
basic amine was removed by washing with IM citric acid solution and a colourless 
oil of [(S)-I-hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl ester [244a] 
was obtained in 100 % yield. Z-Protection of the amino group was carried out with 
benzyl chloroformate. Benzyl chloroformate was added dropwise to a two-phase 
solution of (S)-valinol [240] and sodium hydrogen carbonate in ethyl acetate and 
water at 0 °C with stirring. The reaction was stirred at room temperature for 17 h 
86 
and then acidified to pH 1 using 2M hydrochloric acid. The mixture was extracted 
with ethyl acetate to yield a white solid of [(S)-I-hydroxymethyl-2-
methylpropyl]carbamic acid benzyl ester [244b] in 90 % yield. 
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Scheme 58 
245a = Boc = 90+% 
245b = Z = 90+% 
Mesylation was then undertaken in order to provide a more reactive leaving group 
for the attempted conversion into nitro compound. The geneml procedure for 
mesylation was as follows: triethylamine was added to a solution of [(S)-I-
hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl ester [244a] or [(S)-I-
hydroxymethyl-2-methylpropyl]carbamic acid benzyl ester [244b] In 
dichloromethane at 0 °C under nitrogen and followed by addition of mesyl chloride. 
The reaction mixture was stirred at room tempemture for 17 h. The mixture was 
extracted and concentrated in vacuo to yield a white solid of (S)-2-tert-
butoxycarbonylamino-3-methylbutyl methanesulfonate [245a] or (S)-2-
benzyloxycarbonylamino-3-methylbutyl methanesulfonate [245b]. We were able to 
obtain over 90 % yield in both mesylation steps. 
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At first, it was thought the nitro-substitution could be done in a one-pot process, but 
the attempted nucleophilic substitution using sodium nitrite on the crude mesylated 
compound [245] was unsuccessful. Sodium nitrite was added to a solution of 
mesylated compound, [(S)-I-methanesulfonylmethyl-2-methylpropyl]carbamic 
acid tert-butyl ester [246a] or [(S)-I-methanesulfonylmethyl-2-
methylpropyl]carbamic acid benzyl ester [246b] in toluene or dimethylformamide 
and the reaction mixture was left at 0 °C or 60 QC for 17 h. Unfortunately, the 
alcohol product, [(S)-I-hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl 
ester [244a] and [(S)-I-hydroxymethyl-2-methylpropyl]carbamic acid benzyl ester 
[244b] were recovered after aqueous work up, as confirmed by their NMR spectra. 
Therefore, we decided to convert the mesylate into the corresponding iodide [247] 
under the Finkelstein conditions,68 where treatment with alkali metal halide (NaI) 
leads to replacement via SN2 reaction, in order to make a better leaving group 
before the nitrite reaction (Scheme 59). The iodoamine has a high electrophilic 
reactivity but also a low stability. The iodination was carried out according to the 
standard procedure: sodium iodide was added to a solution of the mesylated 
compound, [(S)-I-methanesulfonylmethyl-2-methylpropyl]carbamic acid tert-butyl 
ester [245a] or [(S)-I-methanesulfonylmethyl-2-methylpropyl]carbamic acid 
benzyl ester [245b] in acetone and the reaction mixture was heated under reflux for 
17 h followed by purification using column chromatography, gradient eluting with 
ethyl acetate:iso-hexane (2:3 v/v) to hopefully produce the [(S)-I-iodomethyl-2-
methylpropyl]carbamic acid tert-butyl ester [247a] or [(S)-I-iodomethyl-2-
methylpropyl]carbamic acid benzylester [247b]. Unfortunately, the iodination of 
the N-Boc-mesylate yielded only the cyclic carbamate, 4-isopropyloxazolidin-2-one 
[248]; the tert-butyl group was cleaved after the reaction. Although the N-Z-
mesylate gave the desired iodide product [247b] in 42 % yield, the rest of the 
material was also the cyclic carbamate [248]. It was believed that the tert-butyl or 
benzyl groups were removed as a stable carbenium to complete the cyclization. 
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As the iodination from the mesylate could not be achieved efficiently, we have 
found an alternative route using direct iodination from the protected alcohol [244] 
using the method ofCaputo (Scheme 60).69 Solid iodine was added to a solution of 
polystyrene triphenylphosphine (pS-PPh3) in dichloromethane to give the 
phosphonium iodide. The use of the PS-PPh3 helps the removal of the phosphine 
oxide, which is formed as the by-product of the reaction as the polymer materials 
that can be separated by simple filtration. Imidazole was added to the reaction 
mixture, which acts as a proton trap for hydrogen ions released during the reaction 
and also has an active role at the reaction; and followed by the addition of the 
appropriate N-protected valinol, [(S)-I-hydroxymethyl-2-methylpropyl]carbamic 
acid tert-butyl ester [244a] or [(S)-1-hydroxymethyl-2-methylpropyl]carbamic acid 
benzyl ester [2Mb]. The reaction mixture was heated to reflux for 2 h and it was 
monitored by TLC. Although no starting material was shown on the TLC after 4 h, 
it showed there were a mixture of starting material and a product from the analysis 
of the IH NMR spectra. Therefore, the reaction mixture was heated to reflux for 17 
h to yield the desired iodide products, [(S)-I-iodomethyl-2-methylpropyl]carbamic 
acid tert-butyl ester [247a] or [(S)-I-iodomethyl-2-methylpropyl]carbamic acid 
benzyl ester [247b], in a good yield of 70-85 %. Complete conversion from the 
protected alcohol was observed but there were still small amounts of cyclised by-
product, (S)-4-isopropyloxazolidin-2-one [248] observed from the IH NMR 
spectrum. 
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Reaction of unsupported triphenylphosphine-iodine reagent with the N-Boc-valinol 
[244a] was also carried out and it has been shown that a yield of only 31 % of the 
desired iodide [247a] was obtained. Also separation of by-product the phosphine 
oxide was time-consuming, so the use ofPS-PPh3 was preferred. 
The nitro-substitution step was next and it was modified from the previous attempts. 
The reactions were undertaken with the presence of the phloroglucinol and urea to 
minimize the formation of the nitrite ester. 70 Sodium nitrite, phloroglucinol and 
urea were added to a solution of iodo compound, [(S)-1-iodomethyl-2-
methylpropyl]carbamic acid tert-butyl ester [247a] or [(S)-I-iodomethyl-2-
methylpropyl]carbamic acid benzyl ester [247b], in dimethylfonnamide. The 
addition of urea to dimethylformamide considembly increases the solubility of 
sodium nitrite. The reaction mixture was stirred at room tempemture for 20 h and 
was washed with water, 10 % sodium thiosulfate solution, water, 10 % potassium 
bicarbonate solution and satuared brine. It was then dried over sodium sulfate, 
filtered and concentmted in vacuo. The phloroglucinol also acted as a nitrite ester 
scavenger, it reacts rapidly with nitrite esters to form a deeply coloured material, 
presumably nitrosophloroglucinol, which is readily soluble in water and non-
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volatile, thus leaving a light coloured nitro compound. The crude product was 
purified by column chromatography, gradient eluting with ethyl acetate:iso-hexane 
(2:3 v/v), which gave a light yellow solid ofBoc-nitro compound, [(S)-2-methyl-l-
nitromethylpropyl]carbamic acid tert-butyl ester [246a], in 64 % yield or Z-nitro 
compound, [(S)-2-methyl-l-nitromethylpropyl]carbamic acid benzyl ester [246b], 
in 70 % yield and the corresponding protected alcohol [244a] and [244b] as the by-
product. The structures of both nitro compounds were confirmed by IH and l3C 
NMR spectroscopy, and the Boc-product [246a] was also confirmed by accurate 
mass measurement. 
2.4.2.2 - Formation ofnitro compound via aza-Henry reaction 
In the meantime, we had also investigated another route, the aza-Henry reaction71, 
for the formation of the nitro compound as shown in the planned route of Scheme 
61. 
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Scheme 61 
The precursor a-amidoalkyl sulfone [251] was easily prepared; benzenesulfinic 
acid sodium salt in water was added to a solution of carbamic acid tert-butyl ester 
[249] in tetmhydrofuran at room temperature, which followed by the addition of 
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isobutyraldehyde [250] and fonnic acid. The reaction mixture was stirred for 17 h 
and the white precipitate was fonned and filtered. The crude solid was 
recrystalised from iso-hexane:ethyl acetate (4:1 v/v) to yield a white solid of the 
sulfone, (l-benzenesulfonyl-2-methylpropyl)carbamic acid tert-butyl ester [251] in 
75 % yield. The structure was confinned by DEPT, IH and BC NMR spectroscopy 
and accurate mass measurement. 
The stable solid a-amidoalkyl sulfone [251] was then treated with nitromethane 
with a catalytic amount of benzylquininium chloride in the presence of potassium 
hydroxide or cesium hydroxide at -78°C to room temperature in toluene. It was 
found that the reaction required 48 h for completion for the potassium hydroxide 
method, and the crude product was purified by column chromatography, gradient 
eluting with ethyl acetate:iso-hexane (4:6 v/v) to give a yield of 72 % of the Boc-
nitro compound, [(S)-2-methyl-I-nitromethylpropyl]carbamic acid tert-butyl ester 
[246a]. For the alternative method using cesium hydroxide as base, there was 
starting material still remaining after 48 h reaction time. The advantages of 
sulfones are not only that they are stable solids but they can also be recovered from 
the reaction mixture by simple filtration and purified by crystallization. They are 
known to react with stabilized carbanions, giving a product that arises from a 
formal substitution of the phenylsulfonyl anion with the nucleophile. 
We thus have two routes to synthesis the protected amino-nitro compound. 
Although the aza-Henry provided stereoselective material by using the chiral 
catalyst, the valinol route has the advantage of providing optically pure material. 
The next step was acylation of the nitro compound. 
2.4.3 - N-Acylation of the nitro compound 
As indicated in our planned route on Scheme 56, the next step was the N-acylation 
of the amino-nitro compound [244a] to fonn the p-ketoamide [240]. We first 
utilised the previous method used in the oxime route, acylation with the diketene-
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acetone adduct (Scheme 62). Diketene-acetone adduct [229] was added to a 
solution of [(S)-2-methyl-l-nitromethylpropyl]carbamic acid tert-butyl ester [246a] 
in dry toluene, followed by pyridinium p-toluenesulfonate, in an attempt to yield 
the j3-ketoamide [242]. Unfortunately, the starting material was recovered after the 
reaction. 
NHBoc 
246a 
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Scheme 62 
We also tried a different reagent, (S)-tert-butyl 3-oxobutanthioate (or 3-
oxothiobutyric acid (S)-tert-butyl ester) [255], reported by Ley and co-workers. 72 
The thioester, (S)-tert-butyl 3-oxobutanthioate [255], can be generated in two steps 
(Scheme 63). A solution of 2-methylpropane-2-thiol [252] in tetrahydrofuran was 
added dropwise to a solution of sodium hydride [253] in tetrahydrofuran at -15°C 
under nitrogen. The slightly exothermic reaction (with evolution of hydrogen) 
causes the temperature to rise to 0 °C and the reaction mixture was stirred at this 
temperature for 15 min to generate the intermediate [254]. The reaction mixture 
was then re-cooled to _5°C and diketene [239] was added to the mixture and it was 
allowed to stir at room temperature for 15 min. The reaction was quenched by 
saturated ammonium chloride solution and it was extracted with diethyl ether. The 
combined layers were then washed with water, saturated sodium bicarbonate 
solution and saturated brine. The extracts were then dried over anhydrous sodium 
sulfate, filtered and concentrated in vacuo to yield a crude deep-red oil. The crude 
material was purified with bulb-to-bulb distillation (using a Kugelrohr apparatus) at 
95-100°C (0.9 mm) to give (S)-tert-butyl 3-oxobutanthioate [255] as a colourless 
oil. 
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The freshly generated (S)-tert-butyl 3-oxobutanthioate [255] was then used in the 
acylation of the nitro compound (Scheme 64). Silver(I) trifluoroacetate, a light 
sensitive material, was added to a solution of [(S)-2-methyl-l-
nitromethylpropyl]carbamic acid tert-butyl ester [246a] and (S)-tert-butyl 3-
oxobutanthioate [255] in tetrahydofuran in a dark round bottomed flask. The 
reaction mixture was stirred for 15 min and then concentrated in vacuo to a small 
volume. Hexane was then added to the concentrated mixture; an orange-brown 
precipitate was formed and removed by filtration. The combined filtrates and 
washings were concentrated in vacuo to yield a light yellow oil. Unfortunately, the 
starting material was recovered after the reaction. 
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As both acylations attempted with nitro compound was failed, we suspected that it 
might be due to the reduced nucleophilicity of the carbamate nitrogen atom. 
Therefore, deprotection of Boc group might be required before the acylation 
(Scheme 65). 
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The deprotection step for the Boc-group was carried out using the same procedure 
as described previously. Trifluoroacetic acid was added to [(S)-2-methyl-l-
nitromethylpropyl]carbamic acid tert-butyl ester [246a] to remove the Boc group 
and the conversion into the stable hydrochloride salt, (S)-2-methyl-l-
nitromethylpropylamine hydrochloride salt [256] was achieved by 2M hydrochloric 
acid. A light yellow solid was generated and the structure was confirmed by DEPT, 
IH and l3e NMR spectroscopy and accurate mass measurement. 
Before the re-examination of both methods of acylation, activation of the 
hydrochloride salt was required. Triethylamine was added to a solution of (S)-2-
methyl-I-nitromethylpropylamine hydrochloride salt [256] in dichloromethane. 
The reaction mixture was stirred at room temperature for 30 min and concentrated 
in vacuo which then used directly for the N-acylation. For the diketene-acetone 
adduct method, the residue was dissolved in toluene and 2,2,6-trimethyl-I,3-dioxin-
4-one [229] and pyridinium p-toluenesulfonate were added to the solution. The 
reaction mixture was heated to reflux under Dean-Stark conditions for 3 h and then 
concentrated in vacuo. The residue was extracted and concentrated in vacuo to 
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yield the brown oil. The crude oil was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield N-[(S)-
2-methyl-I-nitromethylpropyl]-3-oxobutyramide [242] as a brown oil in 68 % yield. 
For the thioester route, the residue was dissolved in tetrahydrofuran and was cooled 
to -15 °C; followed by the addition ofsilver(I) trifluoroacetate and (S)-tert-butyI3-
oxobutanthioate [255] to the solution and stirring for 30 min. The orange 
precipitate was filtered and washed with ice-cold diethyl ether and the organic layer 
was concentrated in vacuo to yield a brown oil. The crude oil was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(1:2 v/v) to yield N-[(S)-2-methyl-I-nitromethylpropyl]-3-oxobutyramide [242] as 
a brown oil in 19 % yield. 
We have thus successfully formed the nitro ketoamide compound with the two 
different reagents. With repeated reactions, although the thioester reaction is less 
time-comsuming, it was found that there were better yields in the diketene-acetone 
adduct method. The next step should be the enamine formation similar to the 
intermolecular route (Scheme 66). 
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Pyrrolidine [155] was added dropwise to N-[(S)-2-methyl-l-nitromethylpropyl]-3-
oxobutyramide [242] in toluene. The reaction mixture was heated to reflux under 
Dean-Stark conditions for 3 h. After cooling, the solvent was removed in vacuo. 
The residue was extracted and concentrated in vacuo to yield a dark brown oil. The 
crude oil was subjected to purification by column chromatography eluting with 
light petroleum:ethyl acetate (1:2 v/v) to yield the product as a brown oil in 55 % 
yield. From the IH NMR spectrum, it was clear that the enamine CH and CH3 
signals were missing from our planned structure [257]. Due to the presence of the 
pyrrolidine signals, we suspected another reaction had occurred. Surprisingly, an 
unexpected compound [258] had been formed during the planned enamine 
formation as shown by an X-ray crystal structure determination (X-Ray structure 
rctj30). 
X-Ray structure rctj30 1 
The predicted mechanism is showed in Scheme 67. It is suspected that the planned 
structure [257] underwent further reaction with another pyrrolidine [155] and 
therefore formed the unexpected compound [258] and l-isopropenylpyrrolidine 
[261] via a retro-Claisen type reaction. 
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2.4.3.1 - Dehydration of nitroalkane 
Meanwhile, we also wished to know if 1 ,3-dipolar cyclization of the J>-ketoamide 
would take place in situ via its enol form if nitrile oxide is present (Scheme 68). To 
prepare the nitrile oxide from the nitro compound, a dehydration step was needed. 
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The first widely known method was introduced by Hoshino and Mukaiyama in 
1960, which involves the treatment with phenyl isocyanate [265] and triethylamine. 
This method is known to be effective for the preparation of aliphatic or aromatic 
nitrile oxides [267], but the separation of the by-product N,N'-diphenylurea [270] 
from the reaction may be troublesome (Scheme 69).61 The use of 1,4-phenylene 
diisocyanate can avoid this problem as a polymeric urea is formed as the by-
product which is insoluble and can be removed easily.73 
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Shimizu and co-workers also used ethyl chloroformate or benzenesulfonyl chloride 
with triethylamine as a dehydrating system, the disadvantage being that the reaction 
requires heating which often leads to low yields.74 However, Hassner and co-
workers developed a method that uses di-tert-butyl dicarbonate [271] with 4-
dimethylaminopyridine (DMAP) [272] that avoids heating, and the by-products 
[277] and [268] formed from the reaction are readily separable from the nitrile 
oxide [267] or its cycloadducts (Scheme 70).75 
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Therefore, we first tested our nitro compound with the Hassner method, di-tert-
butyl dicatbonate and 4-dimethylaminopyridine were added to a solution of N-[(S)-
2-methyl-1-nitromethylpropyl]-3-oxobutyramide [242] in dichloromethane or 
acetonitrile or toluene. The reaction mixture was stirred at room temperature for 3 
h and then the solvent was removed in vacuo. The residue was extracted and the 
organic layers were concentrated in vacuo to yield a dark brown oil. The curde oil 
was subjected to purification by column chromatography, eluting with light 
petroleum:ethyl acetate (1:2 v/v) to yield a brown oil. Unfortunately, starting 
material was recovered after the reaction. 
We thus tested the dehydration with Shimizu method: ethyl chloroformate, 
triethylamine and 4-dimethylaminopyridine were added to a solution of N-[(S)-2-
methyl-1-nitromethylpropyl]-3-oxobutyramide [242] in dichloromethane or toluene. 
The reaction mixture was stirred at room temperature and monitored by TLC after 2 
h, when no reaction had taken place. Therefore, the reaction mixture was heated to 
reflux for 17 h and the solvent was removed in vacuo. The residue was extracted 
and the organic layers were concentrated in vacuo to yield a dark brown oil. The 
crude oil was SUbjected to purification by column chromatography, eluting with 
light petroleum:ethyl acetate (1:2 v/v) to yield a brown oil. Again, starting 
materials was recovered after the reaction. 
Therefore, we tried another method, silyl nitronate formation, as this might lead to 
1,3-dipolar cycloaddition (Scheme 71). Trimethylsilyl chloride and triethylamine 
were added to a solution ofN-[(S)-2-methyl-1-nitromethylpropyl]-3-oxobutyramide 
[242] in tetrahydrofuran or acetonitrile. The reaction mixture was heated to reflux 
for 3 h and the solvent was removed in vacuo. The residue was extracted and 
concentrated in vacuo to yield a brown oil. The crude oil was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(1:2 v/v) to yield a brown oil. Unfortunately, starting material was again recovered. 
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With the limited time, we ended our studies at this point Further studies are 
needed for the completion of the intramolecular cycloaddition route. 
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Conclusion 
In conclusion, modification of the intermolecular route has been undertaken. 
Although the hydrolysed enamine problem for the 1,3-dipolar cycloaddition could 
not be solved by using different protecting groups, we have successfully improved 
the methodology for the pyrroloisoxazole formation (Scheme 72). As the 
hydrolysis of enamines needs water, molecular sieves could be added in the future 
to afford a dry reaction conditions. Different reagents were used and a better yield 
was achieved in the pyrroloisoxazole formation, with O-(7-azabenzotriazol-l-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HATU) or polystyrene 
carbodiimide (pS-CDI) as shown in the Table 4. 
Reagent 
o 172 
Scheme 72 
Reagent Condition Product 
EDCL HOSu, Et3N Room temp 8-31 % 
EDCL Et3N Room temp 10-29% 
EDCL HOSu, Et3N 50°C Unknown 
EDCL HOSu, Et3N Microwave, 50°C Unknown 
PyBrop, HOSu, Et3N Room temp 2% 
EDCL HOBt, Et3N Room temp 19% 
HATU, DIPEA, Et3N Room temp 40% 
PS-CDI, Et3N Room temp 70% 
Table 4 
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Elahorations and chain extensions on the C-3 of pyrroloisxazoles were attemped 
using different aldehydes including aromatic, heterocyles and aliphatic aldehydes 
(Scheme 73 and 74). We have demonstrated the condensation method using a 
strong base and the corresponding hydroxyl adducts were obtained From the 
results in valine series (Table 5) and phenylglycine series (Table 6), they showed 
that the reactions of aldol condensation of the pyrroloisoxazoles with aldehydes 
were generally preformed better with electon-donating aldehydes than with 
electron-withdrawing aldehydes; and results of the valine series were generally 
better than the phenylglycine series. Dehydration has been undertaken to yield the 
alkenyl chain and although cleavage of the N-O bond by hydrogenation has not 
tested due to lack of time, it has been shown that it can be done from the alkenyl 
product to generate the tetramic acid. ss 
Aldehyde (R), 
Base 
o 172 
Scheme 73 
Aldehyde Base 
Benzaldehyde LDA 
2.2eq 
Benzaldehyde nBuLi 
2.2eq 
Benzaldehyde nBuLi 
3.2eq 
Benzaldehyde nBuLi 
3.2eq 
Benzaldehyde nBuLi 
3.2eq 
4- Nitrobenzaldehyde nBuLi 
3.2eq 
4- Methoxybenzaldehye nBuLi 
3.2eq 
OH 
R 
o 
Time Yield 
1h <10% 
Ih <10% 
-36% 
15 min Failed 
Ih 56% 
2h 53% 
Ih Failed 
Ih 47% 
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4-Trifluorobenzaldehyde nBuLi 
3.2eq 
Pyridin-3-carboxyaldehyde nBuLi 
3.2eq 
2-Furaldehyde nBuLi 
3.2eq 
Pentanal nBuLi 
3.2eq 
Hexanal nBuLi 
3.2eq 
TableS 
Aldehyde (R), ~ 
Base ~ 
.. 
o 173 
Scheme 74 
Aldehyde Base 
Benzaldehyde nBuLi 
3.2eq 
4- Methoxybenzaldehye nBuLi 
3.2 eq 
2-Furaldehyde nBuLi 
3.2 eq 
Pentanal nBuLi 
3.2eq 
Hexanal nBuLi 
3.2eq 
Table 6 
1h Failed 
1h 7% 
1h 32% 
1h 21 % 
1h Failed 
OH 
R 
o 
Time Yield 
1h 36% 
1h 27% 
1h 25% 
1h Failed 
1h Failed 
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Approach to the desmethyllaccarin via the intermolecular route has been attempted, 
although the formation of the pyrroloisoxazole was not completed. We have 
successfully generated the isoxazole product using 1,3-dipolar cycloaddition; re-
investigation was needed for the deprotection step and therefore the final stages of 
the investigations. 
Investigation on the synthesis of the pyrroloisoxazole via the intramolecular route 
has been undertaken. We have successfully generated the nitro ketoester compound 
from the amino acid and are confident the methodology for the development of this 
approach can be completed. 
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Experimental 
4.1 - General procedures 
Commercial dry solvents were used in all reactions except for light petroleum and 
ethyl acetate which were distilled from calcium chloride, and dichloromethane 
which was distilled over phosphorus pentoxide. Tetrahydrofumn was distilled from 
sodium and benzophenone. Light petroleum refers to the b.p. 40-60 °C fraction. 
Sodium hydride was obtained as 60 % dispersion in oil and washed with light 
petroleum. 
Melting points were determined on a Leica Galen ID hot stage melting point 
appamtus. They are given in degree Celsius eC). 
IH (250 MHz), IH (400 MHz) and l3C (100 MHz) NMR spectm were recorded on a 
Broker AC-250 or AC-400 spectrometer in solutions of deuterated chloroform 
(CDCh) with tetramethylsilane (TMS) or deutemted dimethyl sulfoxide (DMSO) as 
the internal standard for IH NMR spectra and l3C NMR. spectm unless otherwise, 
specified. Chemical shifts, 0, are given in parts per million (ppm) and J values in 
Hertz (Hz). Multiplets are designated by the following symbols: s, singlet; d, 
doublet; t, triplet; m, multiplet. 
Mass spectm were recorded on a JEOL SX102 spectrometer, or carried out by the 
EPSRC National Mass Spectroscopy at University of Wales, Swansea or on a 
ZQ2000 spectrometer with Waters 600 series liquid handling system, dual 
wavelength UV and ELS detectors, Novartis. 
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MicroMass LCT was detected using a Time of Flight spectrometer with Agilent 
1100 series HPLC and Gilson 215 liquid handling; Diode array and CAD detectors; 
Platform LC spectrometers with Agilent 1100 series HPLC diode array and ELS 
detectors; ThermoElectron LTQ Linear Quadrupole Ion Trap mass spectrometer 
with ESI probe and APCI source were used for MS/MS; ThermoElectron DSQ 
mass spectrometer with TRACE GC, Novartis. 
GCMS was carried out on a Fisons 8000 series GeMS using a 15 m x 0.25 mm 
DB-5 column and an electron impact low resolution mass spectrometer, Novartis. 
Infrared spectra were recorded on a Perkin-Elmer Paragon 1000 FT-IR 
spectrophotometer on' sodium chloride plates. All the infrared spectra were 
recorded in the range 4000 - 600 cm-l. 
Elemental analyses were determined on a Perkin Elmer 2400 CHN Elemental 
Analyser in conjunction with a Perkin Elmer AD-4 Autobalance, or on a LECO 
CHNS-932 Analyser, Novartis. 
TLC using silica gel as absorbent was carried out with aluminium backed plates 
coated with silica gel (Merck Kieselgel 60 FZS4), and TLC using alumina as 
absorbent was carried out with aluminium backed plates coated with neutral 
aluminium oxide (Merck 150 FZS4, Type T). Silica gel (Merck Kieselgel60 H silica) 
was used for column chromatography unless otherwise specified. Column 
chromatography using alumina was carried out with Aldrich aluminium oxide, 
activated neutral, Brockmann 1, STD Grade, 150 mesh sizes. Prep-TLC was 
carried out using aluminium oxide (Merck 60 FZS4, Type E). 
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tert_ButyI3-(pyrrolidin-l-yl)but-2-enoate [121] 
O Toluene 0 N ~~an-Stark ~N 
H ~ ~ 
155 C02tBu 121 
Toluene (250 ml) was added to pyrrolidine (10 g, 11.74 ml, 141 mmol, 1.1 eq) and 
tert-butyl acetoacetate (20 g, 20.81 ml, 126 mmol). The reaction mixture was 
heated to reflux under Dean-Stark conditions for 4 h. After cooling, the solvent 
was removed in vacuo to yield a yellow solids5 (25.91 g, 97 %); mp 94.5-102.5 cC, 
lit.S5 mp 96-98 cC; MS: mlz calcd for C12H21N02 (MW): 211.1572. Found 
211.1570; IR vmax(CHCh)!cm"l 3077 (CCH), 2975,3985 (CH2, CH3), 1675 (CO), 
1589 (CC), 1357 (CN), 1236, 1042 (COC); IH NMR OH (250 MHz; CDCh) 1.45 
(9H, s, C(CH3)3), 1.88-1.92 (4H, m, 2(CH2»' 2.42 (3H, s, CHCCH3), 3.22-3.30 (4H, 
m, 2(CH2», 4.39 (1H, s, CHCCH3); l3C NMR &: (100 MHz; CDCh) 16.5 (CH3), 
25.2 (CH2)' 28.7 (C(CH3)3), 47.8 (CH2)' 85.0 (CHCCH3), 158.9 (eN), 169.2 (COO). 
(S)-2-Amino-3-methylbutyric acid methyl ester hydrochloride [150] 
~H2 AcOCI 4.2 eq 
\
: MeOH17h 
C02H ~ 
149 
Acetyl chloride (14.08 g, 12.75 ml, 179 mmol, 4.2 eq) was added dropwise to a 
suspension of(S)-valine (5.0 g, 42.68 mmol) in dry methanol (60 ml) at 0 °C over 2 
h. The reaction mixture was then heated to reflux for 17 h; it was left to cool to 
room temperature and then concentrated in vacuo to yield a white solid (6.49 g, 91 
%). The product was used without further purification. ss [alDrt +15.1 (c 17.8, 
MeOH), lit.76 [alDrt +15 (c 2, H20); mp 164-168.5 cC, lit.76 171- 173°C; MS: mlz 
calcd for CJI13NI02 (Mlt): 131.0946. Found 131.0943; IR Vmax (nujol)!cm"l 3391 
(NH), 2922 (CH2, CH3), 1738 (CO), 1456 (NH), 1377 (CN), 1244, 1064, 1031 
(COC); IH NMR BH (400 MHz; (CD3hSO» 0.92-0.99 (6H, 2 x d, J 6.9 Hz, 
CH(CH3h), 2.17-2.22 (1H, m, CH(CH3)2), 3.74 (3H, s, C02CH3), 3.83-3.85 (1H, m, 
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CHNH3),8.67 (3H, s, NH3); l3C NMR. Bc (loo MHz; (CD3hSO» 17.5 «CH3h), 
18.4 «CH3h), 29.2 (CH(CH3)2), 52.5 (OCH3), 57.2 (CHNH3), 169.2 (C02CH3). 
(S)-N-terl-Butyloxycarbonylamino-3-methylbutyric acid methyl ester [151] 
NHBoc 
Triethylamine (2.42 g, 3.33 ml, 23.91 mmol, 2 eq) was added dropwise to (S)-2-
amino-3-methylbutyric acid methyl ester hydrochloride (2.0 g, 11.93 mmol) in 
dichloromethane (80 ml) at 0 °C over 30 min. Di-tert-butyl dicarbonate (2.72 g, 
2.87 mt, 12.51 mmot, 1.05 eq) in dichloromethane (20 ml) was then added 
dropwise over 1 h. The reaction was left stirring at room temperature for 17 h and 
then washed with citric acid solution (1M, 250 ml) and saturated brine (2 x 100 ml). 
The solution was dried over magnesium sulfate, filtered and concentrated in vacuo 
to yield a colourless oilsS (2.5 g, 91 %); [a]Drt +22.4 (c 17.0, CHCh), lit.76 [a]Drt +22 
(c 1, MeOH); MS: m/z calcd for CllH21N104 (MH'"): 232.1549. Found 232.1544; 
IR. Vmax (CHCh)/cm-1 3372 (NH), 2969,2933 (CH2, CH3), 1718, 1700 (CO), 1521 
(NH), 1368 (CN), 1247, 1211, 1075 (CO); IH NMR Ba (400 MHz; (CD Ch» 0.84-
0.95 (6H, 2 x d, J 6.9 Hz, CH(CH3)2), 1.41 (9H, s, C(CH3)3), 2.03-2.14 (1H, m, 
CH(CH3h), 3.70 (3H, s, C02CH3), 4.16-4.22 (1H, m, CHNH), 5.04-5.10 (1H, 
broad, CHNH); l3C NMR Bc (100 MHz; (CDCh» 17.6 «CH3)2), 18.9 «CH3n), 
27.4 (CH(CH3)2), 28.3 (C(CH3)3), 52.0 (C~CH3), 58.5 (CHNH), 155.6 (NCOO), 
173.0 (COO). 
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(S)-2-terl-Butyloxycarbonylamino-3-methylbutanaldoxime [153] 
NHBoc DIBAH 2.5 eq NHBoc 
= Toluene3h 
~C02Me ~ ~o 
I 151 I 152 
Preparation of aldehyde 
Diisobutylaluminium hydride (1.0M in toluene, 22 ml, 21.73 mmol, 2.5 eq) was 
added dropwise to a suspension of (S)-N-tert-butyloxycarbonylamino-3-
methylbutyric acid methyl ester (2.0 g, 8.69 mmol) in dry toluene (10 ml) under 
nitrogen with stirring at -78 °C for 1 h. The reaction mixture was left for stirring 
for a further 30 min at -78 °C. Methanol (- 7 ml) was added to the mixture and it 
was then poured into a solution of Rochelle salt (50 g) in water (100 ml) and stirred 
vigorously for 2 h. The aqueous phase was separated and extIacted with ethyl 
acetate (3 x 50 ml). The combined organic layers were washed with saturated brine 
(2 x 50 ml). The solution was dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield the aldehyde as a colourless oilsS (2.0 g, 100 %); IR 
Vmax (CHCh)/cmo1 3350 (NH), 2967, 2931 (CH2, CH3), 1700 (CO), 1367 (CN), 
1248, 1044, 1019 (COC); IH NMR 8H (400 MHz; (CDCh» 0.94-1.04 (6H, 2 x d, J 
6.8 Hz, CH(CH3)2), 1.45 (9H, s, C(CH3)3), 2.25-2.32 (1H, m, CH(CH3)z), 4.24-4.28 
(1H, m, CHNH), 5.14-5.21 (1H, d, J 8 Hz, CHNH), 9.64 (1H, broad, CHO); l3C 
NMR Bc (100 MHz; (CDCh» 17.6 «CH3h), 18.9 «CH3)2), 28.4 (C(CH3)J), 29.0 
(CH(CH3h), 64.7 (CHNH), 155.9 (NCOO), 200.5 (CHO). 
Preparation of oxime 
The crude aldehyde (1.5 g, 6.94 mmol) in ethanol (10 ml) was added to 
hydroxylamine hydrochloride (0.96 g, 13.88 mmol, 2 eq) and sodium acetate (2.28 
g, 27.76 mmol, 4 eq) in water (10 ml). A few drops of ethanol were added to 
dissolve the precipitate and the solution was warmed to 70 °C for 10 min. The 
reaction mixture was covered and stored in a refrigerator for 17 h after cooling to 
room temperature. A white precipitate was seen and filtered. The remaining 
mixture was extIacted with ethyl acetate (3 x 70 ml) and the combined organic 
layers were dried over magnesium sulfate, filtered and concentrated in vacuo to 
III 
yield a white solidsS (1.34 g, 89 % with syn:anti 2:1); [a]ort +23.4 (c 12.8, MeOH), 
lit.sS [a]ort -18.7 (c 3.9, CHCh); mp 117-124 QC; MS: mlz calcd for C1oH20N203 
(MH1: 217.1552. Found 217.1557; IR Vmax (nujol)/cm-1 3342 (NH), 2955 (CH2, 
CH3), 1722 (CO), 1682 (CN), 1459 (NH), 1376 (CN), 1312 (OH), 1016 (COC); IH 
NMR ~ (400 MHz; (CD3hSO)) 0.77-.0.83 (6H, 2 x d, J 7.2 Hz, CH(CH3h), 1.37 
(9H, s, C(CH3)3), 1.72-1.78 (1H, m, CH(CH3h), 4.50-4.58 (1H, dd, J 8 Hz, 14 Hz, 
CHNH), 6.50-6.52 (lH, d, J 8 Hz, CHNOH), 6.98-7.01 (IH, d, J 14 Hz, CHNH), 
10.9 (1H, s, OH); l3C NMR&(100 MHz; «CD3)2S0)) 18.6 «CH3h), 18.7 «CH3)2), 
28.2 (C(CH3)3), 39.4 (CH(CH3)2), 50.2 (CHNH), 149.9 (CHN), 155.2 (NCOO). 
tert-Butyl 3-(1-tert-butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-
4-carboxylate [157] 
NHBoc 
~ ~OH 
~N + 
I 153 
O NCS 1.1 eq 4.5h E~N 1.1 eq f. CHCI,17! 
C02tBu 121 
NHBocC02tBu 
157 
N-Chlorosuccinimide (6.79 g, 50.86 mmol, 1.1 eq) was added portionwise to (S)-2-
tert-butyloxycarbonylamino-3-methylbutanaldoxime (10 g, 46.24 mmol) in 
chloroform (200 ml) at 0 °C over 0.5 h. The reaction mixture was then heated to 
reflux for 17 h. tert-ButyI3-(pyrrolidin-l-yl)but-2-enoate (19.54 g, 92.47 mmol, 2 
eq) was added in one portion to the refluxing mixture followed by triethylamine 
(5.15 g, 7.09 ml, 50.86 mmol, 1.1 eq) dropwise over 3 h. The mixture was heated 
to reflux for a further 3 h and then allowed to cool to room temperature (- 1 h). 
The mixture was poured into water (250 ml). The organic layer was separated and 
washed with citric acid solution (2M, 200 ml), sodium hydroxide solution (5 % w/v, 
200 ml) and saturated brine (200 ml). The organic layer was dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield a dark brown oil. The dark 
brown oil was subjected to purification by column chromatography eluting with 
light petroleum:ethyl acetate (3:1 v/v) to yield a yellow oilsS (8.30 g, 51 %); [a]ort -
8 (c 10, CHCh), lit. sS [a]ort -6 (c 2.5, CHCh); MS: mlz calcd for ClsH3oN20S (M1: 
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354.2155. Found 354.2161; IR. Vmax (CHCh)/cm-1 3151 (NH), 2923 (CH2, CH3), 
1708 (CO), 1682 (CN), 1651 (CC), 1466 (NH), 1096 (COC); IH NMR an (400 
MIJz; (CDCh» 0.84-0.94 (6H, 2 x d, J 7.2 Hz, CH(CH3)2), 1.42 (9H, s, C(CH3)3), 
1.58 (9ll, s, C(CH3)3), 2.09-2.10 (Ill, m, CH(CH3)2), 2.64 (3ll, s, COCH3), 4.97-
5.02 (Ill, dd, J7.2 Hz, 10.2 Hz CHNH), 5.70-5.73 (1H, d, J 10.2 Hz, CHNH); l3C 
NMR Oc (lOO MHz; (CDCh» 13.6 (5-CH3), 17.5 «CH3n), 19.8 «CH3)2), 28.3 
(C(CH3)3), 28.4 (C(CH3)J), 32.0 (CH(CH3)2), 53.0 (CHNH), 79.2 (C(CH3)J), 82.5 
(C(CH3)3), 108.8 (CCO), 155.6 (CN), 161.6 (CCO), 162.9 (NCOO), 175.5 (COO). 
3-(1-Amino-2-methylpropyl)-5-methylisoxazole-4-carboxylic 
hydrochloride [170] 
TFA 30 eq 4.5 h 
2M HCI 30 eq 0.5 h 
.. 
NHBocC02tBu 157 
acid 
Trifluoroacetic acid (72.38 g, 48.74 mt, 634.80 mmol, 30 eq) was added to tert-
butyl (S )-3-(1-tert-butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-
carboxylate (7.50 g, 21.16 mmol). The reaction mixture was stirred at room 
temperature for 4.5 h and then concentrated in vacuo. Hydrochloric acid (2M, 318 
ml, 634.80 mmol, 30 eq) was added to the residue and the reaction mixture was 
stirred at room temperature for a further 0.5 h and then concentrated in vacuo. The 
residue was dissolved in water (50 ml) and washed with ethyl acetate (3 x 50 ml). 
The aqueous phase was evaporated to dryness to yield a beige solid55 (4.90 g, 99 %); 
[alort -9.8 (c 13, MeOH), lit5S [alDrt -3 (c 2, H20); mp 185-192 °C; MS: mlz calcd 
for C~15N203CI (MH): 199.1077. Found 199.1078; IR. Vmax (nujol)/cm-1 2923, 
2852 (CH3), 1700 (CO), 1684 (CN), 1653 (CC), 1457 (NH), 1419 (OH), 1376 (CN); 
IH NMR an {400 MHz; «CD3nSO» 0.9-0.95 (6ll, 2 x d, J 6.8 Hz, CH{CH3n), 
2.26-2.33 (Ill, m, CH(CH3)2), 2.67 (3H, s, CH3), 4.64-4.65 (1H, m, CHNH), 8.78 
(3H, s, NH3); l3C NMR Oc (100 MHz; «CD3nSO» 12.9 (5-CH3), 17.8 «CH3)2), 
18.5 «CH3)2), 30.5 (CH(CH3n), 51.3 (CHNH), 108.8 (CC), 160.0 (CN), 162.8 
(NCOO), 175.7 (COO). 
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6-(1-Methyletbyl)-3-metbyl-S,6-dibydr0-4H-pyrrolo[3,4-c]isoxazol-4-one [172] 
HOSu 1.1 eq 
EDCI1.1 eq 
EtaN 2.2 eq 
DMF 17h 
.. 172 
1-[3-(Dimethylamino )propyl]-3-ethylcarbodiimide hydrochloride (EDCI) (0.45 g, 
2.34 mmol, 1.1 eq) was added to a suspension of 3-(I-amino-2-methylpropyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride (0.50 g, 2.13 mmol) and N-
hydroxysuccinimide (0.27 g, 2.34 mmol, 1.1 eq) in dry dimethylformamide (50 ml) 
at 0 °C. The reaction mixture was stirred at room temperature for 17 h. 
Triethylamine (0.47 g, 0.65 ml, 4.69 mmol, 2.2 eq) was added to the mixture and 
the reaction mixture was left to stir for a further 17 h and then concentrated in 
vacuo. The residue was dissolved in ethyl acetate (60 ml) and washed with water 
(60 ml), hydrochloric acid (2M, 60 ml), saturated sodium bicarbonate solution (60 
rol) and saturated brine (60 ml). The organic layer was dried over magnesium 
suifate, filtered and concentrated in vacuo to yield a beige solid (0.23 g, 60 %). The 
resulting solid was purified by column chromatography using silica gel as 
absorbent and ethyl acetate:light petroleum (5:1 v/v) as eluent to yield a white 
solidsS (0.08 g, 21 %); [a]Dft +6.8 (c 12.3, CHCh), lit.sS [alDft +1.2 (c 2, CHCI3); mp 
168.5-172 QC; MS: mlz calcd for C~12N202 (MW): 181.0972. Found 181.0970; 
IR Vmax (CHCh)/cm"l 3220 (NH), 3017 (CH3), 1700 (CO), 1653 (CC), 1465 (NH), 
1390 (CN), 1133 (CO C); IH NMR fuI (400 MHz; (CDCh» 1.03-1.11 (6H, 2 x d, J 
6.8 Hz, CH(CH3)2), 2.07-2.11 (lH, m, CH(CH3h), 2.64 (3H, s, CH3), 4.48-4.49 (1H, 
d, J 6.0 Hz, CHNH), 6.37 (1H, broad, CHNH); 13C NMR Oc (400 MHz; (CDCh» 
12.4 (5-CH3), 17.9 «CH3)2), 18.6 «CH3h), 32.0 (CH(CH3)2), 59.0 (CHNH), 114.1 
(CCO), 163.4 (CN), 166.6 (CO), 171.7 (NCO). 
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6-(I-Methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo [3,4-c] isoxazo 1-4-one [172] 
HOSu 1.1 eq 
PyBroP 1.1 eq 
E~N2.2eq 
DMF17h 
~ 172 
o 
Bromo-tris-pyrrolidinophosphonium hexafluorophosphate (PyBroP) (435 mg, 0.94 
mmol, 1.1 eq) was added to a suspension of 3-(I-amino-2-methylpropyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride (200 mg, 0.85 mmol) and N-
hydroxysuccinimide (108 mg, 0.94 mmol, 1.1eq) in dry dimethylfonnamide (20 ml) 
at 0 °C. The reaction mixture was stirred at room temperature for 17 h and 
triethylamine (189 mg, 261 ~l, 1.87 mmol, 2.2 eq) was added to the mixture. The 
reaction mixture was left to stir for a further 17 h and concentrated in vacuo. The 
residue was dissolved in ethyl acetate (15 ml) and washed with water (15 ml), 
hydrochloric acid (2M, 15 ml), saturated sodium bicarbonate solution (15 ml) and 
satumted brine (15 ml). The organic layer was dried over magnesium sulfate, 
filtered and concentmted in vacuo to yield a beige solid (5.9 mg, 4 %). The 
resulting solid was purified by column chromatography using silica gel as 
absorbent and ethyl acetate:light petroleum (5:1 v/v) as eluent to yield a white solid 
(3 mg, 2 %) whose lH NMR data were identical to those reported above. 
6-(I-Methylethyl)-3-methyl-5,6-dihydr0-4H-pyrrolo[3,4-c)isoxazo1-4-one [172) 
HAlU 1.1 eq 
DIPEA 2.2eq 
DMF6h 
~ 
172 
0-(7 -Azabenzotriazol-l-yl)-I, 1 ,3,3-tetramethyluronium hexafluorophosphate 
(HATU) (2.23 g, 5.86 mmol, 1.1 eq) was added to a suspension of 3-(I-amino-2-
methylpropyl)-5-methylisoxazole-4-carboxylic acid hydrochloride (1.25 g, 5.33 
mmol) in dry dimethylformamide (10 ml) at 0 °C and N,N-diisopropylethylamine 
(DIPEA) (1.51 g, 2.04 ml, 11.72 mmol, 2.2 eq) was added dropwise to the mixture. 
The reaction mixture was stirred at room temperature for 6 h and then concentrated 
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in vacuo. The residue was dissolved in dichloromethane (20 ml) and washed with 
water (20 ml), 10 % potassium carbonate solution (20 ml) and saturated brine (60 
ml). The organic layer was dried over magnesium sulfate, filtered and concentrated 
in vacuo to yield a brown solid (3.42 g, 100 %). The resulting solid was purified by 
column chromatography using silica gel as absorbent and ethyl acetate:iso-hexane 
(mixture of different hexanes) (1:1 v/v) as eluent to yield a white solid (378 mg, 40 
%) whose IH NMR data were identical to those reported above. 
6-(I-Methyletbyl)-3-metbyl-S,6-dihydr0-4H-pyrrolo [3,4-c]isoxazol-4-one [172] 
PS-CDI 2.5 eq 
E~N2.2eq 
DMF 17h 
o 
172 
3-(1-Amino-2-methylpropyl)-5-methylisoxazole-4-carboxylic acid hydrochloride 
(1.1 g, 4.69 mmol) was dissolved in dry dimethylfonnamide:dichloromethane (1:9 
v/v) and stirred under nitrogen for 10 min. Polystyrene-carbodiimide (9.77 g, 11.72 
mmol, 2.5 eq) and triethylamine (1.04 g, 1.44 ml, 10.31 mmol, 2.2 eq) were added 
to the mixture and it was left to stir for 17 h. The reaction mixture was then filtered 
and the solid was washed with dimethylformamide:dichloromethane (1:9 v/v), and 
the filtrate was washed with saturated potassium carbonate solution (70 ml) and 
saturated brine (70 ml). The organic layer was dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a beige solid (1.4 g, 100 %). The 
resulting solid was purified by column chromatography using silica gel as 
absorbent and ethyl acetate:iso-hexane (1:1 v/v) as eluent to yield a white solid 
(591 mg, 70 %) whose IH NMR data were identical to those reported above. 
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(S)-3-(2-Hydroxy-2-pbenyletbyl)-6-isopropyl-5,6-dibydropyrrol0[3,4-
c1isoxazol-4-one [191] 
N-O LOA 2.2 eq OH I Benzaldehyde 
~ THF-78OC 
o 172 o 
LDA deprotonation 
To a solution of diisopropylarnine (148 mg, 205 ~l, 1.47 mmol, 2.63 eq) in dry 
tetrahydrofuran (10 ml), n-butyllithium (2.5M solution in hexanes, 488 ~l, 1.22 
mmol, 2.2 eq) was added in one portion and the solution was left to stir at 0 °C 
under nitrogen for 1 h. 6-(I-Methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (100 mg, 0.56 nunol) was dissolved in tetrahydrofuran (just 
enough to dissolve, -2 mt), then added dropwise to the solution of lithium 
diisopropylamide. The solution was stirred at -78 °C under nitrogen for 1 h. 
Benzaldehyde (1 ml) was added to the reaction mixture and it was stirred at -78 °C 
for 1 h. Water (10 ml) was added to the reaction mixture and hydrochloric acid 
(2M, 10 ml) was added. The reaction mixture was extracted with ethyl acetate (15 
mt) and washed with saturated brine (15 mt). The organic layer was dried over 
magnesium sulfilte, filtered and concentrated in vacuo to yield a yellow liquid. The 
crude product was purified using column chromatography eluting with ethyl 
acetate:light petroleum (5:1 v/v) to yield a light yellow solid (14.2 mg, 9 %) whose 
IH NMR data was identical to those reported below. 
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(S)-3-(2-Hydroxy-2-phenylethyl)-6-isopropyl-5,6-dihydropyrrolo[3,4-c]isoxazol 
-4-0ne [191) 
nBuLi 2.2 eq 
Benzaldehyde 
THF -78OC 
... 
172 
n-BuLi deprotonation 
OH 
o 
6-(1-Methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one (100 mg, 
0.56 mmol) in tetrahydrofuran Gust enough to dissolve, -2 ml) was added dropwise 
to the solution of n-butyllithium (2.5M solution in hexanes, 488 Ill, 1.22 rnrnol, 2.2 
eq) in tetrahydrofuran (10 rnI) at -78°C. The solution was stirred at -78 °C under 
nitrogen for 1 h. Benzaldehyde (1 ml) was added to the reaction mixture and it was 
stirred at -78°C for 1 h. Water (10 ml) was added to the reaction mixture and 
hydrochloric acid (2M, 10 ml) was added. The reaction mixture was extracted with 
ethyl acetate (15 ml) and washed with saturated brine (15 ml). The organic layer 
was dried over magnesium sulfute, filtered and concentrated in vacuo to yield a 
yellow liquid. The crude product was purified using column chromatography 
eluting with ethyl acetate:light petroleum (5:1 v/v) to yield a light yellow solid 
(50.1 mg, 36 %); [aJDrt +0.48 (c 10, CHCh); mp 146-150 cC; MS: mlz calcd for 
Cl~lsN203 (MH): 287.1396. Found 287.1399; IR Vmax (CHCh)/cm-1 3227 (OH), 
2921 (CH2, CH3), 1684 (CO), 1635 (Ar); IH NMR ~ (400 MHz; (CDCh» 1.00-
1.13 (6H, 2 x d,J 6.8 Hz, CH(CH3)2), 2.09-2.15 (IH, m, CH(ClIJ)2), 3.28-3.35 (2H, 
rn, CH2), 4.52-4.54 (IH, dd, J 4 Hz, 6 Hz, CHNH), 5.26-5.31 (1H, t, J 9.6 Hz, 
CHOH), 6.12-6.21 (1H, broad, CHNH), 7.35-7.60 (5H, rn, Ar); l3C NMR oc (100 
MHz; (CDCh» 17.5 «CH3h), 18.2 «CH3)2), 31.5 (CH(CH3)2), 38.0 (CH2), 59.2 
(CHNH), 69.5 (CHOH), 125.5, 127.7, 128.4 129.3 (Ar(C), 142.8 (CC 0), 164.7 
(CN), 169.1 (CO), 171.0 (NCO). 
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(S)_6_IsOproPyl_3-[(E)-2-PhenYlethenYI]-5,6-dihydroPyrrolo[3,4-c]isoxazol-4-
one [205] 
PTSA 1.1 eq 
Toluene 
Dean-Stark 
~ 
o 
p-Toluenesulfonic acid monohydrate (73 mg. 0.38 mmol. 1.1 eq) was added to 6-
(1_methylethyl)_3_methyl-5,6-dihydro-4H-pyrrolo[3 ,4-c ]isoxazol-4-one (100 mg, 
0.35 mmol) in toluene (25 ml). The reaction mixture was heated to reflux under 
Dean-Stark conditions for 17 h. The solution was extracted with ethyl acetate (30 
ml), washed with saturated sodium carbonate solution (30 ml) and saturated brine 
(30 ml). The organic layer was dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a light yellow solid (124 mg, 100%). The crude 
product was purified using column chromatography eluting with ethyl acetate:light 
petroleum (5:1 v/v) to yield a light yellow solid (72 mg. 77 %); [«]ort +1.12 (c 10, 
CHCh); mp 210-214 QC. litSS mp 214-216 QC; MS: mlz calcd for C1Ji16N20 2 
(MIt): 269.1290. Found 269.1293; IR Vmax (nujol)/cm-1 3189 (NH), 2925 (CH2, 
CH3), 1699 (CO), 1635 (Ar); IHNMRBa (400 MHz; (CDCh)) 1.02-1.13 (6ll, 2 x d, 
J 6.4 Hz, CH(CH3)2), 2.08-2.17 (Ill, m, CH(CH3)2), 4.53-4.55 (Ill, dd, J 0.8 Hz, 6 
Hz, CHNH), 6.55 (Ill, broad, NH), 7.11-7.15 (lH, d, J 16.4 Hz, CHCHAr), 7.37-
7.44 (3ll, m, Ar(H)), 7.60-7.63 (2ll, m, Ar(H)). 8.00-8.04 (Ill, d, J 16.4 Hz. 
CHCHAr); l3C NMR Bc (100 MHz; (CDCh)) 16.6 «CH3)2). 17.2 «CH3h), 30.6 
(CH(CH3h), 58.0 (CHNH), 110.7 (CHCHAr), 126.9, 127.9, 129.1 (Ar(C)), 134.0 
(C-Ar), 140.0 (CCO), 141.0 (CHCHAr), 162.1 (CO), 164.7 (CN), 170.7 (NCO). 
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(S)-3-[2-Hydroxy-2-( 4-methoxyphenyl)ethyl]-6-isopropyl-5,6-dihydropyrrolo [3, 
4-c]isoxazol-4-one [194] 
nBuLi 2.5eq 
4-methoxybenzaldehyde 
THF -78DC 
172 o 
OH 
194 OMe 
n-Butyllithium (2.5M solution in hexanes, 0.58 m1. 1.46 mmol, 2.5 eq) was added 
dropwise to a solution of 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (105 mg, 0.58 mrnol) in tetrahydrofuran (10 ml) at -78°C under 
nitrogen. The solution was stirred for 1 h and a solution of 4-
methoxybenzaldehyde (793 mg, 710 pl, 5.83 mmol, 10 eq) in tetrahydrofuran (2 ml) 
was added to the reaction mixture and it was stirred at -78°C for 1 h. Water (10 ml) 
was added to the reaction mixture and hydrochloric acid (2M, 10 ml) was added. 
The reaction mixture was concentrated in vacuo and partitioned between ethyl 
acetate (30 ml) and water (30 mI). The aqueous layer was extmcted with ethyl 
acetate (2 x 30 ml) and the combined organic layers were washed with saturated 
brine (30 mI), then dried over magnesium sulfute, filtered and concentrated in 
vacuo to yield a yellow solid (792 mg, 100 %). The crude product was purified 
using column chromatography eluting with ethyl acetate:light petroleum (5:1 v/v) 
to yield a white solid (86 mg, 47 %); [«Jort +0.48 (c 10, CHCb); mp 163 .. 164 cC; 
MS: m/z calcd for C17H2oN204 (MH1: 316.1423. Found 316.1429; IR Vmax 
(nujol)/cm-1 3208 (NH), 2725 (CH2, CH3), 1684 (CO), 1653 (CN), 1631 (Ar); IH 
NMR Ou (400 MHz; (CDCh» 1.00-1.13 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), 2.06-2.14 
(1H, m, CH(CH3h), 3.25-3.39 (2H, m, CH2), 3.81 (3H, s, OCH3), 4.51-4.54 (1H, dd, 
J 4.4 Hz, 5.6 Hz, CHNH), 5.21-5.26 (1H, t,J8.8 Hz, CHOH), 6.11-6.18 (1H, broad, 
CHOH), 6.88-6.91 (2H, m, Ar(H), 7.34-7.37 (2H, m, Ar(H), 7.63-7.70 (1H, broad, 
CHNH); l3C NMR & (100 MHz; (CDCh» 17.6 «CH3)2), 18.2 «CH3h), 31.4 
(CH(CH3h), 38.0 (CH2), 55.3 (OCH3), 59.2 (CHNH), 69.3 (CHOH), 112.2 (C-Ar), 
113.9, 126.7 (Ar(C», 135.1 (C-Ar), 159.1 (CCO), 164.9 (CO), 169.1 (CN), 171.0 
(NCO). 
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(S)-6-Isopropyl-3-[(E)-2-(4-methoxyphenyl)ethenyl]-5,6-dihydropyrro10 [3,4-c] 
isoxazol-4-one [206] 
OMe 
p-Toluenesulfonic acid monohydrate (71.4 mg, 0.38 mmoI, 1.1 eq) was added to 
(S)-3-[2-hydroxy-2-(4-methoxyphenyl)ethyl]-6-isopropyl-5,6-dihydropyrrolo[3,4-
c]isoxazol-4-one (108 mg, 0.34 mmol) in toluene (20 ml). The reaction mixture 
was heated to reflux under Dean-Stark conditions for 17 h. The solution was 
extracted with ethyl acetate (30 ml), washed with saturated sodium carbonate 
solution (30 ml) and saturated brine (30 ml). The organic layer was dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a light yellow soild 
(215 mg, 100 %). The crude product was purified using column chromatography 
eluting with ethyl acetate:light petroleum (5:1 v/v) to yield a light a yellow solid 
(99 mg, 97 %); [a]ort +2.12 (c 10, CHCh); mp 226-227 °C, lit.s5 mp 225-227 °C; 
MS: mlz calcd for C17H18N203 (MH): 298.1317. Found 298.1314; IR Vmax 
(CHCh)/cm-1 3188 (NH), 2724 (CH2, CH3), 1700 (CO), 1631 (CC), 1599 (Ar); IH 
NMRBa (400 MHz; (CDCh» 1.04-1.10 (6H, 2 x d,J6.8 Hz, CH(CH3)z), 2.06-2.13 
(1H, m, CH(CH3)z), 3.86 (3H, s, OCH3), 4.51-4.53 (lH, dd, J 0.8 Hz, 5.6 Hz, 
CHNH), 6.06 (1H, broad, CHNH), 6.92-6.94 (2H, d, J 8.8 Hz, Ar(H), 6.97-7.01 
(1H, d, J 16.4 Hz, CHCH), 7.56-7.58 (2H, d, J 8.8 Hz, Ar(H), 7.96-8.00 (1H, d, J 
16.4 Hz, CHCH); 13C NMR Oc (100 MHz; (CDCh» 18.0 «CH3)z), 18.2 «CH3)z), 
31.6 (CH(CH3)2), 55.5 (OCH3), 57.2 (CHNH), 109.5 (CHCH), 113.8 (C-Ar), 114.4, 
129.6 (Ar(C», 142.6 (CHCH), 161.3 (Ar(C)OCH3), 163.4 (CCO), 166.3 (CN), 
171.8 (NCO). 
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(S)_3_(1_Hydroxyhexyl)-6-isoPropyl-5,6-dihydroPyrrolo [3,4-c] iso xazol-4-one 
[198] 
Pentanal 
nBuLi 3.2eq 
THF -78°C 
o 172 
OH 
198 
o 
n-Butyllithium (2.5M solution in hexanes, 0.71 ml, 1.78 mmol, 3.2 eq) was added 
dropwise to a solution of 6_(1_methylethyl)_3_methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (100 mg, 0.56 mmol) in tetrahydrofuran (10 ml) at _78°C under 
nitrogen. The solution was stirred for 1 h and a solution of pentanal (1 ml) was 
added to the reaction mixture and it was stirred at _78°C for 1 h. Water (10 ml) 
was added to the reaction mixture and hydrochloric acid (2M, 10 ml) was added. 
The reaction mixture was concentrated in vacuo and partitioned between ethyl 
acetate (30 ml) and water (30 ml). The aqueous layer was extracted with ethyl 
acetate (2 x 30 ml) and the combined organic layers were washed with saturated 
brine (30 ml), then dried over magnesium sulfate, filtered and concentrated in 
vacuo to yield a yellow solid (1.9 g, 100 %). The crude product was purified using 
column chromatography eluting with ethyl acetate:1ight petroleum (5:1 v/v) to yield 
a white solid (31 mg, 21 %); [a]Dlt +0.92 (c 10, CHCh); mp 116-119 °C; m/z calcd 
for Cl.Ji22N20 3 (MIt): 267.1707. Found 267.1714; IR Vmax (nujol)/cm·
1 
3368 
(OH), 2957, 2872 (CH2, CH3), 1696 (CO), 1635 (CN); IH mm. 0tI (400 MHz; 
(CD Ch» 0.90-0.94 (3H, t, J 7.2 Hz, CH3), 1.04-1.11 (6H, 2 x d, J 6.8 Hz, 
CH(CH3h), 1.28-1.43 (4H, m, 2 x CH2), 1.47-1.57 (2H, m, CH2), 2.06-2.14 (1H, m, 
CH(CH3h), 2.96-3.03 (1H, dd,J8.8 Hz, 17.8 Hz, CH2CHOH), 3.07-3.12 (1H, dd,J 
2.8 Hz, 17.8 Hz, CH2CHOH), 4.10-4.13 (1H, m, CHOH), 4.50-4.52 (1H, dd, J2.8 
Hz, 6.0 Hz, CHNH), 5.72-5.79 (1H, d, J 6.0 Hz, CHOH), 7.32-7.38 (1H, broad, 
CHNH); l3C mm. Oc (100 MHz; (CD Ch» 14.1 (CH3CH2), 17.7 «CH3)2), 18.2 
«CH3)2), 22.5 (CH3CH2) 22.6 (CH3CH2CH2), 28.0 (CH2CHOH), 31.5 (CH(CH3h), 
36.7 (CH2), 59.1 (CHNH), 67.5 (CHOH), 112.8 (CCO), 169.7 (CO), 170.9 (CN), 
171.0 (NCO). 
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(S)-3-[2-Hydroxy-2-(pyridin-3-yl)ethyl]-6-isopropyl-5,6-dibydropyrrolo[3,4-c] 
isoxazoI-4-one [196] 
Pyridin-3-carboxyaldehyde 
nBuLi2.S eq 
THF-78OC 
172 
o 
OH 
196 
n-ButyIlithium (2.5M solution in hexanes, 610 Jll, l.53 mmol, 2.5 eq) was added 
dropwise to a solution of 6-(1-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (110 mg, 0.61 mmol) in tetrahydrofuran (10 ml) at -78°C under 
nitrogen. The solution was stirred for 1 h and a solution of pyridine-3-
carboxyaldehyde (1 g) in tetrahydrofuran (2 ml) was added to the reaction mixture 
and it was stirred at -78°C for 1 h. Water (10 ml) was added to the reaction 
mixture and was concentrated in vacuo. The residue was partitioned between ethyl 
acetate (30 ml) and water (30 ml). The aqueous layer was extracted with ethyl 
acetate (2 x 30 ml) and the combined OIganic layers were washed with saturated 
brine (30 mI), then dried over magnesium sulfate, filtered and concentrated in 
vacuo to yield a yellow solid (497 mg, 100 %). The crude product was purified 
using column chromatography eluting with ethyl acetate:light petroleum (5:1 v/v) 
to yield a white solid (12 mg, 7 %); [a]Drt -7.2 (c 10, CHCh); mp 114-119 QC; MS: 
mlz calcd for C1sH17N303 (MH): 288.1348. Found 288.1352; IR. Vmax (CHCh)/cm" 
1 3402 (OH), 2965 (CH2, CH3), 1681 (CO), 1650 (CN); IH NMR On (400 MHz; 
(CDCh» 1.01-1.13 (6H. 2 xd,J6.8 Hz. CH(CH3h), 2.10-2.16 (1H. m, CH(ClIJh), 
3.33-3.36 (2H. dd, J 4.0 Hz, 8 Hz, CH2). 4.54-4.56 (IH. dd, J2.2 Hz, 6 Hz, CHNH), 
5.31-5.37 (IH. m, CHOH), 6.08-6.09 (IH. d,J3.2 Hz, CHOH), 7.34-7.36 (IH. dd, 
J 4.6 Hz, 7.8 Hz, CHCHN), 7.64-7.68 (1H, broad, CHNH), 7.84-7.87 (1H, dd, J 2 
Hz, 7.8 Hz, CHCHN), 8.55-8.56 (1H, d, J 4.6 Hz, CCHCH), 8.68 (1H, s, CCHN); 
l3C NMR Bc (100 MHz; (CDCh» 17.6 «CH3)2), 18.2 «CH3)2), 3l.4 (CH(CH3h), 
37.8 (CH2), 59.3 (CHNH), 67.5 (CHOH), 123.6, 133.5 (Pyridine(C», 133.6 (C-
Pyridine), 138.4 (CCO), 147.2,148.8 (Pyridine(C», 164.7 (CO), 168.3 (CN), 171.0 
(NCO). 
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(S)-3-[2-(Furan-2-yl)-2-hydroxyethyl]-6-isopropyl-S,6-dihydropyrrolo[3,4-
c]isoxazol-4-one [197] 
2-Furaldehyde 
nBuLi 3.2 eq 
THF-78°C 
.. 
o 172 
n-Butyllithium (2.5M solution in hexanes, 71 ~l, 1.78 mmo~ 3.2 eq) was added 
dropwise to a solution of 6-(1-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (100 mg, 0.56 mmol) in tetrahydrofuran (10 ml) at -78°C under 
nitrogen. The solution was stirred for 1 h and a solution of 2-furaldehyde (1 rnl) in 
tetrahydrofuran (2 ml) was added to the reaction mixture and stirred at -78°C for 1 
h. Water (10 ml) was added to the reaction mixture and hydrochloric acid (2M, 10 
ml) was added. The reaction mixture was concentrated in vacuo and partitioned 
between ethyl acetate (30 ml) and water (30 ml). The aqueous layer was extracted 
with ethyl acetate (2 x 30 ml) and the combined organic layers were washed with 
saturated brine (30 ml), then dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a yellow solid (1.63 g, 100 %). The crude product 
was purified using column chromatography eluting with ethyl acetate:light 
petroleum (5:1 v/v) to yield a white solid (80 mg, 52 %); [a]Drt -0.4 (c 10, CHCh); 
mp 116-119 cC; IR Vmax (nujol)/crn"l 3270 (OH), 2962, 2873 (CH2, CH3), 1693 
(CO), 1643 (CC); IH NMR ~ (400 MHz; (CDCh» 1.02-1.15 (6H, 2 x d, J 6.8 Hz, 
CH(CH3)2), 2.05-2.14 (Ill, m, CH(CH3h), 3.42-3.48 (2H, m, CH2), 4.52-4.54 (Ill, 
m, CHNH), 5.26-5.34 (Ill, m, CHOH), 6.37-6.46 (2H, m, 2 x furan(H), 7.29-7.43 
(Ill, m, furan(H); l3C NMR ac (100 MHz; (CDCh» 17.6 «CH3)2), 18.2 «CH3h), 
31.4 (CH(CH3l2), 34.6 (CH2), 59.2 (CHNH), 64.1 (CHOH), 106.2, 110.2, 110.3 
(Furan(C», 113.1 (C-Furan), 154.8 (CCO), 164.6 (CO), 168.4 (CN), 171.0 (NCO). 
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Attempted preparation of 3-[2-hydroxy-2-( 4-nitrophenyl)ethyl]-6-isopropyl-
5,6-dibydropyrrolo[3,4-c]isoxazol-4-0ne [193] 
nBuLl2.2eq 
4-nitrobenzaldehyde 
THF -78°C 
o 172 
OH 
n-Butyllithium (2.5M solution in hexanes, 490 ~l, 1.22 mmol, 2.2 eq) was added 
dropwise to a solution of 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (100 mg, 0.56 mmol) in tetrahydrofuran (10 ml) at -78°C under 
nitrogen. The solution was stirred for 1 h and a solution of 4-nitrobenzaldehyde (1 
g) in tetrahydrofuran (2 ml) was added to the reaction mixture and stirred at -78°C 
for 1 h. Water (10 ml) was added to the reaction mixture and hydrochloric acid 
(2M, 10 ml) was added. The reaction mixture was concentrated in vacuo and 
partitioned between ethyl acetate (30 ml) and water (30 ml). The aqueous layer 
was extracted with ethyl acetate (2 x 30 ml) and the combined organic layers were 
washed with saturated brine (30 ml), then dried over magnesium sulfate, filtered 
and concentrated in vacuo to yield a yellow liquid. The crude product was purified 
using column chromatography eluting with ethyl acetate:light petroleum (5:1 v/v) 
to yield a light yellow solid which did not correspond to the desired compound. 
Attempted preparation of (S)-3-[2-hydroxy-2-( 4-trifluoromethylphenyl)ethyl]-
6-isopropyl-5,6-dibydropyrrolo[3,4-c]isoxazol-4-one [195] 
4-Trifluorobenzaldehyde 
nBuLi 2.5 eq 
THF -78 oC 
OH 
o 
n-Butyllithium (2.5M solution in hexanes, 580 ,.d, 1.46 mmol, 2.5 eq) was added 
dropwise to a solution of 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (105 mg, 0.58 mmol) in tetrahydrofuran (10 ml) at -78°C under 
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nitrogen. The solution was stirred for 1 h and 4-trifluorobenzaldehyde (1 ml) was 
added to the reaction mixture and it was stirred at -78°C for 1 h. Water (10 ml) 
was added to the reaction mixture and hydrochloric acid (2M, 10 ml) was added. 
The reaction mixture was concentrated in vacuo and partitioned between ethyl 
acetate (30 ml) and water (30 ml). The aqueous layer was extracted with ethyl 
acetate (2 x 30 ml) and the combined organic layers were washed with saturated 
brine (30 ml), then dried over magnesium sulfate, filtered and concentrated in 
vacuo to yield a yellow solid (323 mg, 100 %). The crude material was purified 
using column chromatography eluting with ethyl acetate:1ight petroleum (5:1 v/v) 
to yield an orange solid which did not correspond to the desired compound. 
Attempted preparation of (S)-3-(2-bydroxybeptyl)-6-isopropyl-S,6-
dibydropyrrolo[3,4-c]isoxazol-4-one [199] 
Hexanal 
nBuLi 3.2eq 
THF -78 oc 
• 
o 172 
OH 
o 199 
n-Butyllithium (2.5M solution in hexanes, 710 Ill, 1.78 mmol, 3.2 eq) was added 
dropwise to a solution of 6-(1-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (100 mg, 0.56 mmol) in tetrahydrofuran (10 ml) at -78°C under 
nitrogen. The solution was stirred for 1 h and a solution of hexanal (1 ml) was 
added to the reaction mixture and stirred at -78°C for 1 h. Water (10 ml) was 
added to the reaction mixture and hydrochloric acid (2M, 10 ml) was added. The 
reaction mixture was concentrated in vacuo and partitioned between ethyl acetate 
(30 ml) and water (30 ml). The aqueous layer was extracted with ethyl acetate (2 x 
30 ml) and the combined organic layers were washed with saturated brine (30 ml), 
then dried over magnesium sulfate, filtered and concentrated in vacuo to yield a 
yellow solid (643 mg, 100 %). The crude material was purified using column 
chromatography eluting with ethyl acetate:light petroleum (5:1 v/v) to yield a 
yellow solid which did not correspond to the desired compound. 
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EthyI3-(pyrrolidin-l-yl)but-2-enoate [162] 
o o Toluene 0 Jl Dean-Stark 4h N ("+ N .. 1 
C02Et ~55 r "-161 CO Et 162 
2 
Pyrrolidine (12.02 g, 14.11 ml, 0.17 mmol, 1.1 eq) was added to ethyl acetoacetate 
(20 g, 19.51 ml, 0.15 mmol) in toluene (200 ml). The solution was heated to reflux 
under Dean-Stark conditions for 4 h. The solvent was removed in vacuo to yield a 
yellow oilsS (30.1 g, 100 %); IH NMROH (400 MHz; CDCh) 1.24-1.26 (3H, t, J7.1 
Hz, CH3CH2), 1.89-1.99 (4H, m, 2 x CH2), 2.45 (3H, s, CH3), 3.27-3.49 (4H, m, 2 x 
CH2), 4.04-4.10 (2H, q, J 7.1 Hz, CH3CH2), 4.44 (1H, s, CH); 13C NMR Oc(100 
MHz; CDCh) 14.8 (CH3CH2), 16.7 (CH3), 25.2 (CH2), 47.8 (CH2), 58.1 (CH3CH2), 
83.2 (CH), 159.6 (eN), 169.25 (COO). 
Ethyl 3-[ (S)-I-tert-butoxycarbonylamino-2-methylpropyl]-5-methylisoxazole-4-
carboxylate [163] 
NCS 1.1 eq 5 h 
E~N 1.1 eq 17 h 
CHCI3 reflux 
N-Chlorosuccinimide (2.72 g, 20.34 mmol, 1.1 eq) was added portionwise to (S)-2-
tert-butyloxycarbonylamino-3-methylbutanaldoxime (4.0 g, 18.49 mmol) in 
chloroform (200 ml) at 0 °C over 0.5 h. The reaction mixture was then heated to 
reflux for 5 h. Ethyl 3-(pyrrolidin-l-yl)but-2-enoate (6.78 g, 36.99 mmol, 2 eq) 
was added in one portion to the refluxing mixture followed by triethylamine (2.06 g, 
2.84 ml, 20.34 mmol, 1.1 eq) dropwise over 3 h. The mixture was heated to reflux 
for a further 17 h and then allowed to cool to room temperature (- 1 h). The 
mixture was poured into water (200 ml). The organic layer was separated, washed 
with citric acid solution (2M, 200 ml), sodium hydroxide solution (5 % w/v, 200 ml) 
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and saturated brine (150 ml). The organic layer was then dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield a dark brown oil (4.7 g, 78 %). 
The dark brown oil was subjected to purification by column chromatography 
eluting with light petroleum:ethyl acetate (3:1 v/v) to yield a yellow oil (2.16 g, 36 
%); IR. Vmax (CHCh)/cm"l 3402 (NH), 2972 (CH2, CH3), 1714 (CO), 1601 (CC), 
1503 (NH), 1368 (CN), 1250, 1170 (COC); IH NMR ~ (400 MHz; (CDCh» 0.90-
0.95 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), 1.39-1.42 (3H, t, J 7.2 Hz, CH3CH2), 1.43 
(9H, s, C(CH3)3), 2.09-2.14 (1H, m, CH(CH3h), 2.67 (3H, s, COCH3), 4.31-4.37 
(2H, m, CH3CH2), 5.00-5.04 (1H, dd, J7.2 Hz, 10.2 Hz, CHNH), 5.71-5.74 (1H, d, 
J 10.2 Hz, CHNH); l3C NMR & (lOO MHz; (CDCh» 13.6 (5-CH3), 14.1 (CH3CH. 
2), 17.5 «CH3)2), 19.9 «CH3)2), 28.2 (C(CH3)3), 32.0 (CH(CH3h), 53.0 (CHNH), 
61.1 (CH3CH2), 79.3 (C(CH3)3), 107.6 (CCO), 155.6 (CO), 162.4 (CN), 163.2 
(COO), 176.0 (NCOO). 
3-[(S)-1-Amino-2-methylpropyl]-5-methylisoxazole-4-carboxylic acid ethyl 
ester hydrochloride [280] 
N-O 
1# 
TFA 30eq, 4.Sh 
HCI 30eq, O.Sh 
NHBocC02Et 163 
Trifluoroacetic acid (5.24 g, 3.53 ml, 45.96 mmol, 30 eq) was added to ethyl 3-[(S)-
I-tert-butoxycarbonylamino-2-methylpropyl]-5-methylisoxazole-4-carboxylate (0.5 
g, 1.53 mmol). The reaction mixture was stirred at room temperature for 4.5 hand 
then concentrated in vacuo. Hydrochloric acid (2M, 22.98 ml, 45.96 mmol, 30 eq) 
was added to the residue and the reaction mixture was stirred at room temperature 
for a further 0.5 h and then concentrated in vacuo. The residue was dissolved in 
water (30 ml) and washed with ethyl acetate (3 x 30ml). The aqueous phase was 
evaporated to dryness to yield a yellow oil (0.7 g, 100 %); IR. Vmax (CHCh)/cm"l 
2970 (CH3), 1717 (CO), 1308 (CN), 1109 (COO); IH NMR ~ (400 MHz; (CDCh» 
1.10-1.15 (6H, 2 x d, J 6.8 Hz, CH(CH3h), 1.37-1.40 (3H, t, J 7.2 Hz, CH3CH2), 
2.44-2.49 (1H, m, CH(CH3)2), 2.68 (3H, s, CH3), 4.32-4.40 (2H, m, CH3CH2), 4.82-
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4.85 (1H, m, CHNH), 8.93 (3H, s, CHNH3); l3C NMR Oc (100 MHz; «CD3)2S0» 
13.6 (5-CH3), 14.2 (CH3CH2), 17.8 «CH3)2), 19.3 «CH3h), 31.0 (CH(CH3)2), 53.3 
(CHNH), 61.5 (CH3CH2), 108.2 (CCO), 159.2 (CO), 161.9 (CN), 176.4 (COO). 
2-Beozyloxycarbooylamino-3-methylbutyric acid methyl ester [158] 
~H2.HCI NaHC03 4.2 eq NHZ 
_ Benzyl chlorofonnate 1.1 eq 
'('
: H20-EtOAc 17 h y:' C02Me.. C02Me 
150 158 
Benzyl chloroformate (11.20 g, 9.37 ml, 65.62 mmol, 1.1 eq) was added to the bi-
phase solution of (S)-2-amino-3 -methylbutyric acid methyl ester hydrochloride (10 
g. 59.65 mmol) and sodium hydrogen carbonate (21.05 g, 250.54 mmol, 4.2 eq) in 
water (150 ml) and ethyl acetate (150 ml) at 0 °C over 30 min. The reaction 
mixture was stirred for 17 h and the aqueous phase was then acidified to pH 1 with 
2M hydrochloric acid, extracted with ethyl acetate (3 x 100 mt) and washed with 
saturated brine (100 ml). The organic layer was dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a colourless oil (18.3 g, 100 %). The 
crude oil was subjected to purification by column chromatography eluting with 
light petroleum:ethyl acetate (3:1 v/v) to yield a white solid (13 g, 82 %); [ex]Drt -
22.4 (c 10.0, Me OH); mp 52-57 °C; MS: mlz calcd for ClJi19N04 (MW): 
266.1392. Found 266.1391; 1R Vmax (CHCb)/cm·1 3347 (NH), 2962 (CH2, CH3), 
1711 (CO), 1523 (Ar), 1455 (NH), 1214, 1094 (COC); IH NMR ~ (400 MHz; 
(CDCb» 0.87-0.97 (6H, 2 x d, J7.2 Hz, CH(CH3)2), 2.11-2.18 (1H, m, CH(CH3)2), 
3.72 (3H, s, C02CH3), 4.29-4.33 (IH, dd, J 4.8 Hz, 9.0 Hz, CHNH), 5.13 (2H, s, 
CH2Ar), 5.40-5.42 (1H, d, J 9.0 Hz, CHNH), 7.26-7.36 (5H, m, Ar(H); l3C NMR 
Oc (lOO MHz; (CDCh» 17.5 «CH3)2), 18.9 «CH3)2), 31.3 (CH(CH3h), 52.1 
(O~), 59.0 (CHNH), 67.0 (CH2Ar), 128.1, 128.2, 128.3 (Ar(C», 136.3 (C-Ar), 
156.2 (COOCH3), 172.6 (NCOO). 
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2-Benzyloxycarbonylamino-3-methylbutanaldoxime [160] 
~HZ DIBAH 2.5 eq ~HZ NH20H.HCI 2 eq NHZ 
: Toluene 3h : NaOAc 4 eq = .,NOH 
YeO,Me • ~eHO EtOH-H,~ ~N 
158 159 I 160 
Preparation of aldehyde 
Diisobutylaluminium hydride (1.0M in toluene, 173 ml, 172.4 mmol, 2.5 eq) was 
added dropwise to a suspension of (S)-2-benzyloxycarbonylamino-3-methylbutyric 
acid methyl ester (18.3 g, 68.98 mmol) in dry toluene (100 ml) with stirring at -78 
°C under nitrogen for 2 h. The reaction mixture was left for stirring for a further 30 
min at -78°C. Methanol (15 ml) was added to the mixture and then poured into a 
solution of Rochelle salt (150 g) in water (300 ml). The mixture was stirred 
vigorously for 1 h. The aqueous phase was then separated and extracted with ethyl 
acetate (3 x 50 ml). The combined organic layers were washed with saturated brine 
(2 x 50 ml), then dried over magnesium sulfate, filtered and concentrated in vacuo 
to yield the aldehyde as a colourless oil (17.0 g, 100 %); IH NMR ~ (400 MHz; 
(CDCh» 0.92-1.03 (6H, 2 x d, J 6.8 Hz, CH(CH3n), 2.27-2.35 (1H, m, CH(CH3n), 
4.31-4.34 (1H, dd, J 4.4 Hz, 7.8 Hz, CHNH), 5.11 (2H, s, CH2Ar), 5.46-5.47 (1H, d, 
J7.8 Hz, CHNH), 7.26-7.36 (5H, m, Ar(H), 9.62 (1H, s, CHO); l3C NMR oc (100 
MHz; (CD Ch» 17.5 «CH3h), 18.9 «CH3)2), 29.0 (CH(CH3n), 65.0 (CHNH), 65.8 
(CH2), 128.2, 128.4, 128.5 (Ar(C), 136.1 (C-Ar), 156.4 (NCOO), 199.9 (CHO). 
Preparation of oxime 
The crude aldehyde (16.2 g, 68.85 mmol) in ethanol (50 ml) was added to a 
solution of hydroxylamine hydrochloride (9.57 g, 137.71 mmol, 2 eq) and sodium 
acetate (22.59 g, 275.41 mmol,4 eq) in water (50 ml). A few drops of ethanol were 
added to dissolve the precipitate and the solution was warmed to 70°C for 10 min. 
The reaction mixture was covered and stored in a refrigerator for 17 h after cooling 
to room temperature. A white precipitate was seen and filtered off. The remaining 
mixture was extracted with ethyl acetate (3 x 70 ml) and the organic layer was 
concentrated in vacuo to yield a white solid (16.8 g, 97 % with syn:anti 2:1); [alDrt 
+26 (c 10, MeOH); mp 124-126 QC; MS: mlz calcd for Cl3HlSN203 (MHl: 
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250.1312. Found 250.1310; IH NMR OH (400 MHz; «CD3)2S0» 0.83-.0.87 (6H, 2 
x d, J 6.8 Hz, CH(CH3h), 1.73-1.82 (1H, m, CH(CH3h), 4.58-4.63 (1H, ddd, J 7.0 
Hz, 8.8 Hz, 15.6 Hz, CHNH), 5.02 (2H, s, CH2Ar), 6.53-6.55 (1H, d, J 7.0 Hz, 
CHNH), 7.31-7.39 (5H, m, Ar(H), 7.45-7.48 (1H, d,J8.8 Hz, CHN), 10.98 (lH, s, 
OH); l3C NMR oc (100 MHz; (CD3hSO» 18.2 «CH3)2), 18.7 «CH3)2), 30.5 
(CH(CH3h), 50.7 (CHNH), 65.3 (CH2), 127.7, 127.8 128.3 (Ar(C», 137.1 (C-Ar), 
149.6 (CHN), 156.0 (NCOO). 
Ethyl 3-(I-benzyloxycarbonylamino-2-metbylpropyl)-5-methylisoxazole-4-
carboxylate [164] 
O NCS 1.1 eq 5 h N E~N1.1eq17h 
~ CHCI3 reflux 
r" · 
NHZ 
~ ,.,..,OH 
~N + 
I 160 
COzEt 162 
N-Chlorosuccinimide (5.87 g, 43.95 mmol, 1.1 eq) was added portionwise to 2-
benzyloxycarbonylamino-3-methylbutanaldoxime (lOg, 39.95 mmol) in 
chloroform (250 ml) at 0 °C over 0.5 h. The reaction mixture was then heated to 
reflux for 4.5 h. EthyI3-(pyrrolidin-l-yl)but-2-enoate (16.11 g, 87.90 mmol, 2.2 eq) 
was added in one portion to the refluxing mixture followed by triethylamine (4.45 g, 
6.13 ml, 43.95 mmol, 1.1 eq) dropwise over 3 h. The mixture was heated to reflux 
for a further 17 h and then allowed to cool to room temperature (- 1 h). The 
mixture was poured into water (200 ml). The organic layer was separated, washed 
with citric acid solution (2M, 200 ml), sodium hydroxide solution (5 % w/v, 200 ml) 
and saturated brine (150 ml). The organic layer was dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a dark brown oil (11.62 g, 100 %). The 
dark brown oil was subjected to purification by column chromatography eluting 
with light petroleum:ethyl acetate (3:1 v/v) to yield a yellow oil (5.02 g, 40 %); MS: 
m/z calcd for C19H2~20S (MW): 361.1764. Found 361.1766; IR. Vmax (nujol)/cm-1 
3281 (NH), 2846 (CH2, CH3), 1731 (CO), 1602 (Ar), 1235, 1096 (COC); IH NMR 
OH (400 MHz; (CDCh» 0.88-0.98 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), 1.37-1.41 (3H, 
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t, J 7.2 Hz, CH3CH2), 2.12-2.17 (IH, m, CH(CH3)2), 2.66 (3H, s, COCH3), 4.31-
4.36 (2H, m, CH3CH2), 5.03-5.07 (2H, dd, J 8.0 Hz, 10.2 Hz, CHNH), 5.08-5.11 
(2H, d,J 12.8 Hz, CH2Ar), 6.07-6.09 (IH, d, J 10.2 Hz, CHNH), 7.30-7.35 (5H, m, 
AI(H); 13C NMR ac (100 MHz; (CDCh» 14.2 (5-CH3), 17.9 (CH3CH2), 19.0 
«CH3h), 19.8 «CH3)2), 31.8 (CH(CH3h), 53.8 (CHNH), 61.2 (CH3CH2), 66.8 
(CH2Ar), 107.6 (CCO), 128.1, 128.2, 128.3 (Ar(C», 136.5 (C-Ar), 156.2 (CCO), 
162.4 (CN), 162.9(COO), 176.0 (NeOO). 
Attempted preparation of (S)-3-amino-4-tert-butoxycarbonylamino-2-[I-
bydroxyetbylidene]-5-metbylbexanoic acid tert-butyl ester [281] 
10% Pd/C OH 
H2 
EtOH 24 h 
.. 
NHBocC02tBu 157 NHBocC02tBu 281 
Ethanol (5 ml, few drops then gradually the rest) was added to palladium on carbon 
(0.5 g, 10 %) under nitrogen. tert-Butyl 3-(I-tert-butoxycarbonylamino-2-
methylpropyl)-5-methylisoxazole-4-carboxylate (0.5 g, 1.58 mmol) in ethanol (5 ml) 
was added dropwise to the reaction flask. The reaction vessel was evacuated, then 
purged with hydrogen for three times and eventually left under an atmosphere of 
hydrogen. The reaction mixture was stirred vigorously for 24 h at room 
temperature, and then filtered using a celite pad and the solvent was removed from 
the filtrate in vacuo to yield a yellow oil. Starting material was recovered. 
Attempted preparation of (S)-3-amino-4-tel't-butoxycarbonylamino-2-[I-
bydroxyetbylidene]-5-metbylbexanoic acid etbyl ester [282] 
N-O 10%PdlC OH 
I # H2 
EtOH 17h 
.. 
NHBocC02Et 163 NHBocC02Et 282 
Ethanol (5 ml, few drops then gradually the rest) was added to palladium on carbon 
(0.5 g, 10 %) under nitrogen. Ethyl 3-«S)-I-tert-butoxycarbonylamino-2-
methylpropyl)-5-methylisoxazole-4-carboxylate (0.5 g, 1.58 mmol) in ethanol (5 ml) 
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was added dropwise to the reaction flask. The reaction vessel was evacuated, then 
purged with hydrogen for three times and eventually left under an atmosphere of 
hydrogen. The reaction mixture was stirred vigorously for 24 h at room 
tempemture, and then filtered using a celite pad and the solvent was removed from 
the filtmte in vacuo to yield a yellow oil. Starting material was recovered. 
Attempted preparation of (S)-3,4-diamino-2-[I-hydroxyethylidene]-5-
methylhexanoic acid ethyl ester [283] 
10 % Pd/C 
H2 
EtOH 17h 
Ethanol (5 ml, few drops then gmdually the rest) was added to palladium on carbon 
(0.5 g, 10%) under nitrogen. Ethyl 3-(1-benzyloxycarbonylamino-2-
methylpropyl)-5-methylisoxazole-4-carboxylate (0.5 g, 1.58 mmol) in ethanol (5 ml) 
was added dropwise to the reaction flask. The reaction vessel was evacuated, then 
purged with hydrogen for three times and eventually left under an atmosphere of 
hydrogen. The reaction mixture was stirred vigorously for 24 h at room 
tempemture, and then filtered using a celite pad and the solvent was removed from 
the filtmte in vacuo to yield a yellow oil whose structure could not be determined. 
Attempted preparation of (S)-3-amino-4-tert-butoxycarbonylamino-2-[I-
hydroxyethylidene]-5-methylhexanoic acid tert-butyl ester [281] 
Ra-Ni, H2 
30bar, 45°C 
EtOH,<1h 
.. 
NHBocC02tBu 157 NHBocC02tBu 281 
tert-Butyl 3-(1-tert-butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-
carboxylate (213 mg, 0.6 mmol, 1 eq) was dissolved in ethanol (5 ml). The 
reaction mixture was run through the H-cube with catcart Raney-nickel at 45°C 
under 30 bar. The solution was monitored by HPLC and concentmted in vacuo to 
yield a colourless oil (197 mg, 92 %). Starting material was recovered. 
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(S)-terl-Butoxycarbonylaminophenylacetic acid methyl ester [166] 
~H3CI (BOC)20 1.1 eq ~HBoc 
: E~N 2.2eq : ~OMe DCM1~ ~OMe 
V l) 165 V l) 166 
Triethylamine (11.33 g, 15.60 ml, 111.94 mmol, 2.2 eq) was added dropwise to (S)-
aminophenylacetic acid methyl ester hydrochloride (10.26 g, 50.88 mmol) in 
dichloromethane (50 ml) at 0 °C over 30 min. Di-tert-butyl dicarbonate (12.22 g, 
55.97 mmol, 1.1 eq) in dichloromethane (20 ml) was then added dropwise over 1 h. 
The reaction was left stirring at room temperature for 17 h and washed with citric 
acid solution (1M, 100 ml) and saturated brine (2 x 100 ml). The solution was 
dried over magnesium sulfate, filtered and concentrated in vacuo to yield a 
colourless oil (14.48 g, 100 %); [alDrt +115.2 (c 10, MeOH); mp 98-98.5 °C; MS: 
mlz calcd for CIJII9N04 (MIt): 266.1392. Found 266.1396; IR Vmlllt (nujol)/cm-I 
3400(NH),2857(CH2,CH3), 1727, 1700 (CO), 1601 (Ar), 1318 (CN), 1212, 1120, 
1076 (COC); IH NMR ~ (400 MHz; (CDCh» 1.36 (9H, s, C(CH3)3), 3.65 (3H, s, 
C02CH3), 5.23-5.26 (IH, d, J 6.2 Hz, CHNH), 5.47-5.49 (Ill, d, J 6.2 Hz, CHNH), 
7.19-7.30 (5H, m, Ar(H); l3C NMR Qc (100 MHz; (CDCh» 28.7 (C(CH3)3), 53.1 
(OCH3), 58.0 (CHNH), 127.1, 128.5, 128.9 (Ar(C». 137.2 (C-Ar). 155.2 (COO). 
172.1 (NeOO). 
(S)-2-terl-Butyloxycarbonylamino-2-phenylacetaldoxime [168] 
NHBoc NHBoc NH20H.H20 2 eq NHBoc 
= DIBAH 2.5 eq : NaOAc 4 eq = 
v:= Toluene : hOEtOH-H20tY::-hN"1. I~ C02Me ~~ ~I~ OH .0 166 V 167 .0 168 
Preparation of aldehyde 
Diisobutylaluminium hydride (1.0M in toluene. 100 ml, 100 mmol, 2.5 eq) was 
added dropwise to a suspension of (S)-tert-butoxycarbonylaminophenylacetic acid 
methyl ester (10.61 g. 40 mmol) in dry toluene (150 ml) under nitrogen with 
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stirring at -78°C for I h. The reaction mixture was left for stirring for a further 30 
min at -78°C. Methanol (25 ml) was added to the mixture and then poured into a 
solution of Rochelle salt (100 g) in water (200 ml). The mixture was stirred 
vigorously for 2 h. The aqueous phase was separated and extracted with ethyl 
acetate (3 x 80 ml). The combined organic layers were washed with saturated brine 
(2 x 80 ml), then dried over magnesium sulfate, filtered and concentrated in vacuo 
to yield the aldehyde as a colourless oil (8.2 g, 87 %) used directly for oxime 
fonnation. IH NMR ~ (400 MHz; (CDCh» 1.36 (9H, s, C(CH3)3), 5.24-5.26 (IH, 
d, J 4.9 Hz, CHNH), 5.70 (IH, broad, CHNH), 7.26-7.55 (5H, m, Ar(H), 9.47 (IH, 
broad, CHO). 
Preparation of oxime [168] 
The crude aldehyde (8.2 g, 34.85 mmol) in ethanol (100 ml) was added to 
hydroxylamine hydrochloride (4.84 g, 69.7 mmol, 2 eq) and sodium acetate (18.97 
g, 139.40 mmol, 4 eq) in water (lOO ml). A few drops of ethanol were added to 
dissolve the precipitate and the solution was warmed to 70°C for 10 min. The 
reaction mixture was covered and stored in a refrigerator for 17 h after cooling to 
room temperature. A white precipitate was seen and filtered off. The remaining 
mixture was extracted with ethyl acetate (3 x 100 ml) and the combined organic 
layers were concentrated in vacuo to yield a white solid (7.69 g, 88 % with syn:anti 
2:1); [a]Drt +8 (c 10, Me OH); mp 166-168 °C; MS: mlz calcd for C13H1SN203 
(MW): 251.1396. Found 251.1418; IR Vmax (nujol)/cm-1 3337 (OH), 2850 (CH2, 
CH3), 1681 (CO), 1523 (Ar), 1305 (CN), 1251, 1167 (COC); IH NMR ~ (400 
MHz; «CD3)2S0» 1.39 (9H, s, C(CH3)3), 5.87-5.91 (IH, m, CHNH), 6.82-6.84 
(1H, d, J 6.8 Hz, CHNH), 7.23-7.37 (5H, m, Ar(H), 7.73-7.75 (IH, d, J 8.4 Hz, 
CRN), 11.2 (lH, s, OH); l3C NMR &(100 MHz; «CD3)zSO» 28.1 (C(CH3)J),48.9 
(CHNH), 126.6, 127.2, 128.4 (Ar(C», 148.7 (CHN), 166.0 (NCOO). 
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tert-Butyl 3-(tert-butoxycarbonylaminophenylmethyl)-5-methylisoxazole-4-
carboxylate [169] 
NCS 1.1 eq 4.Sh 
E~N 1.1 eq 17 h I 
CHCI3 reflux 
NHBoc C02tBu 169 
N-Chlorosuccinimide (4.46 g, 33.40 mmol, 1.1 eq) was added portionwise to (S)-2-
tert-butyloxycarbonylamino-2-phenylacetaldoxime (7.6 g, 30.36 mmol) in 
chloroform (250 ml) at 0 °C over 0.5 h. The reaction mixture was then heated to 
reflux for 4.5 h. tert-ButyI3-(pyrrolidin-l-yl)but-2-enoate (12.83 g, 60.73 mmol, 2 
eq) was added in one portion to the refluxing mixture followed by triethylamine 
(3.38 g, 4.66 ml, 33.40 mmol, 1.1 eq) dropwise over 3 h. The mixture was heated 
to reflux for a further 17 h and then allowed to cool to room temperature. The 
mixture was poured into water (250 ml). The organic layer was separated, washed 
with citric acid solution (2M, 200 ml), sodium hydroxide solution (5 % w/v, 200 ml) 
and saturated brine (200 ml). The organic layer was dried over magnesium suIfate, 
filtered and concentrated in vacuo to yield a dark brown oil. The dark brown oil 
was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (3:1 v/v) to yield a yellow oil (6.57 g, 56 %); [alDrt +8 (c 10, 
MeOH); MS: mlz calcd for C21H2SN20S (MH1: 389.2077. Found 389.2070; 1R 
Vmax (nujol)/cm-1 2910 (CH3), 1684 (CO), 1595 (Ar), 1340 (CN), 1255, 1129 (COC); 
IH NMR ~ (400 MHz; (CDCh» 1.32 (9H, s, C(CH3)3), 1.41 (9H, s, C(CH3)J), 
2.56 (3H, s, COCH3), 6.00-6.02 (1H, d, J 9.6 Hz, CHNH), 6.35-6.38 (IH, d, J 9.6 
Hz, CHNH), 7.18-7.23 (5H, m, Ar(H); l3C NMR Oc (100 MHz; (CDCh» 13.8 (5-
CH3), 28.4 (C(CH3)3), 28.8 (C(CH3)3), 51.9 (CHNH), 80.2 (C(CH3)3), 82.9 
(C(CH3)3), 109.6 (CC), 127.5, 128.4 128.8 (Ar(C», 139.8 (C-Ar), 155.5 (CO), 
161.4(CN), 166.8 (COO), 176.1 (NCOO). 
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3-(Aminophenylmethyl)-S-methylisoxazole-4-carboxylic acid hydrochloride 
[171] 
TFA 20 eq 4.5 h 
2M HCI 20 eq 0.5 h 
.. 
NHBoc C02tBu 169 
Trifluoroacetic acid (2.28 g, 1.48 ml, 19.97 mmol, 20 eq) was added to tert-butyl 3-
(tert-butoxycarbonylaminophenylmethyl)-5-methylisoxazole-4-carboxylate (388 
mg, 1 mmol). The reaction mixture was stirred at room temperature for 4.5 hand 
then concentrated in vacuo. Hydrochloric acid (2M, 20 ml, 19.97 mmol, 20 eq) 
was added to the residue and the reaction mixture was stirred at room temperature 
for a further 0.5 h and then concentrated in vacuo. The residue was dissolved in 
water (20 ml) and washed with ethyl acetate (3 x 20 ml). The aqueous phase was 
evaporated to dryness to yield a beige solid (181 mg, 68 %); [a]ort +8 (c 10, CHCh); 
mp 215-219 QC; MS: mlz calcd for C1:zH12N203.HCI (MII1: 233.0926. Found 
233.0973; IR Vmax (nujol)/cm-1 2910 (CH3), 1684 (CO), 1566 (Ar), 1340 (CN), 1255, 
1147 (COC); IH NMR OH (400 MHz; «CD3)2S0» 2.67 (3H, s, CH3), 6.00 (1H, s, 
CHNH), 7.41-7.44 (5H, m, Ar(H), 9.10 (3H, broad, NH3); 13C NMRBc (lOOMHz; 
«CD3)2S0» 12.8 (CH3), 50.3 (CHNH), 128.6, 128.7, 129.3 (Ar(C», 134.0 (C-Ar), 
160.2 (CO), 162.1 (CN), 176.3 (COO). 
3-Methyl-6-phenyl-S,6-dibydropyrrolo[3,4-c]isoxazol-4-one [173] 
PS-CDI 2.2 eq ~ 
Et,N 2.2eq I 
DMF17h ~ 
.. 
173 
o 
3-(Aminophenylmethyl)-5-methylisoxazole-4-carboxylic acid hydrochloride (420 
mg, 1.56 mmol) was dissolved in dry dimethylformamide:dichloromethane (1:9 v/v) 
and stirred under nitrogen for 10 min. Polystyrene-carbodiimide (2.87 g, 3.44 
mmol, 2.2 eq) and triethylamine (348 mg, 479 ).ll, 3.44 mmol, 2.2 eq) were added to 
the mixture which was left to stir for 17 h. The reaction mixture was then filtered 
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and washed with dimethylfonnamide:dichloromethane (1:9 v/v) and the solvents 
were concentmted in vacuo. The residue was partitioned between ethyl acetate (30 
ml) and water (30 ml), the aqueous layer was washed with ethyl acetate (2 x 30 ml) 
and the combined organic layers were washed with saturated brine (30 ml). The 
organic layer was dried over magnesium sulfate, filtered and concentmted in vacuo 
to yield a beige solid (394 mg, 100 %). The resulting solid was purified by column 
chromatography using silica gel as absorbent and ethyl acetate:iso-hexane (1:1 v/v) 
as eluent to yield a white solid (166 mg, 50 %); [o.]Drt +3.6 (c 10, CHCh); mp 195-
198 QC; 1R. Vmax (CHCb)/cm-1 3185 (NH), 1714 (CO), 1655 (Ar), 1328 (CN), 1221, 
1132 (CO C); IH NMR ~ (400 MHz; (CD Cb» 2.65 (3H, s, CH3), 5.75 (1H, s, 
CHNH), 6.50 (1H, s, CHNH), 7.34-7.40 (5H, m, Ar(H); l3C NMR Bc (100 MHz; 
(CDCh» 12.2 (CH3), 55.7 (CHNH), 113.0 (CCO), 126.4, 129.1, 129.2 (Ar(C», 
135.7 (C-Ar), 162.6 (CO), 166.8 (CN), 172.3 (NCO). 
(S)-3-(2-Hydroxy-2-pbenyletbyl)-6-pbenyl-5,6-dibydropyrrolo[3,4-c]isoxazol-4-
one [200] 
Benzaldehyde ~ 
nBuLi 2.5 eq 
THF-78°C ~ 
.. 
173 
OH 
o 200 
n-Butyllithium (2.5M solution in hexanes, 0.49 ml, 1.17 mmol, 2.5 eq) was added 
dropwise to 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one (100 mg, 
0.47 mmol) in tetrahydrofuran (10 ml) at -78 QC under nitrogen. The solution was 
stirred for 45 min. Benzaldehyde (1 ml) was added dropwise to the reaction 
mixture and stirred for a further 45 min. Water (10 ml) was added to the reaction 
mixture which was concentmted in vacuo. The residue was acidified to pH 1 with 
2M hydrochloric acid, extracted with ethyl acetate (2 x 30 ml) and washed with 
saturated brine (30 ml). The combined organic layers were dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield a yellow liquid. The crude 
product was purified using column chromatography eluting with ethyl acetate:light 
petroleum (5:1 v/v) to yield a light yellow oil (53 mg, 36 %); [o.]Drt -0.8 (c 10, 
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CHCh); MS: mlz calcd for C19H16N203 (MW): 321.1239. Found 321.1244; IR Vmax 
(CHCh)/cm-1 3275 (OH), 2926 (CH2), 1693 (CO), 1643 (Ar); IH NMR ~ (400 
MHz; (CDCh» 3.24-3.38 (2H, m, CH2), 5.26-5.31 (lH, m, CHOH), 5.77 (IH, s, 
CHNH), 5.95-5.98 (1H, broad, CHNH), 7.21-7.44 (toH, m, Ar(H); l3C NMR oc 
(100 MHz; (CDCh» 38.0 (CH2), 56.2 (CHNH), 69.7 (CHOH), 112.3 (CC)125.5, 
126.4, 127.8, 128.6, 129.2, 129.8 (Ar(C», 135.0 (C-Ar), 142.7 (C-Ar), 164.4 (CO), 
169.7 (CN), 171.9 (NCO). 
Attempted preparation of (S)-6-pbenyl-3-[(E)-2-pbenyletbenyl]-5,6-
dibydropyrrolo[3,4-c]isoxazol-4-one [207] 
p-Toluenesulfonic acid monohydrate (47 mg, 0.28 mmol, 1.1 eq) was added to (8)-
3-(2-hydroxy-2-phenylethyl)-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one (72 
mg, 0.23 mmol) in toluene (20 ml). The reaction mixture was heated to reflux 
under Dean-Stark conditions for 17 h. The solution was extracted with ethyl 
acetate (2 x 30 ml), the extracts were washed with saturated sodium carbonate 
solution (30 ml) and saturated brine (30 ml), then dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a light yellow solid which gave a IH 
NMR spectrum that could not be interpreted. 
139 
(S)-3-[2-Hydroxy-2-(4-methoxyphenyl)ethyl]-6-phenyl-S,6-dibydropyrrolo[3,4-
c]isoxazol-4-one [201] 
4-Methoxybenzaldehyde 
N-O nBull2.5 eq 7' I THF -78 oc I ~ .. ~ 
o 173 
OH 
o 
OMe 
n-Butyllithium (2.5M solution in hexanes, 0.47 ml, 1.17 mmol, 2.5 eq) was added 
dropwise to 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c ]isoxazol-4-one (100 mg, 
0.47 mmol) in tetrahydrofuran (l0 ml) at -78°C under nitrogen. The solution was 
stirred for 45 min. 4-Methoxybenzaldehyde (1 ml) was added dropwise to the 
reaction mixture which was stirred for a further 45 min. Water (10 ml) was added 
to the reaction mixture and then concentrated in vacuo. The residue was acidified 
to pH 1 with 2M hydrochloric acid and extracted with ethyl acetate (2 x 30 ml). 
The organic extracts were washed with saturated brine (30 ml), then dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a yellow liquid. The 
crude product was purified using column chromatography eluting with ethyl 
acetate:light petroleum (5:1 v/v) to yield a light yellow oil (44 mg, 27 %); [a]ort -
0.4 (c 10, CHCh); IH NMR aH (400 MHz; (CDCh» 3.13-3.28 (2H, m, CH2), 3.73 
(3H, s, OCH3), 5.15-5.20 (1H, dt, J 2.4 Hz, 9.6 Hz, CHOH), 5.69 (lH, s, CHNH), 
6.80-6.83 (2H, d,J8.8 Hz, Ar(H)OMe), 7.24-7.33 (7H, m, Ar(H)OMe) and Ar(H); 
l3C NMR ac (100 MHz; (CDCh» 38.0 (CH2), 55.3 (OCH3), 56.2 (CHNH), 69.3 
(CHOH), 112.3 (CC), 126.4, 126.5, 126.8, 129.2 129.3 (Ar(C», 134.9, 135.1 (C-
Ar), 159.1 (C-Ar), 164.1 (CO), 169.6 (CN), 171.9 (NCO). 
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Attempted preparation of (S)-3-[ (E)-2-( 4-methoxyphenyl)ethenyl]-6-phenyl-
S,6-dihydropyrrolo[3,4-c]isoxazol-4-0ne [208] 
o 201 0 
p-Toluenesulfonic acid monohydrate (39 mg, 0.20 mmol, 1.1 eq) was added to (S)-
3-[2-hydroxy-2-( 4-methoxyphenyl)ethyl]-6-phenyl-5 ,6-dihydropyrrolo[3,4-c] 
isoxazol-4-one (65 mg, 0.19 mmol) in toluene (20 ml). The reaction mixture was 
heated to reflux under Dean-Stark conditions for 17 h. The solution was extracted 
with ethyl acetate (30 ml) and the combined organic extracts were washed with 
satumted sodium carbonate solution (30 ml) and satumted brine (30 ml). The 
organic layer was dried over magnesium sulfate, filtered and concentmted in vacuo 
to yield a light yellow solid that could not be identified. 
Attempted preparation of 
dibydropyrrolo[3,4-c]isoxazol-4-one [203] 
Pentanal 
nBuLi 2.5 eq ~ I 
THF-78°C ~ 
.. 
o 173 
(S)-3-(2-hydroxyhexyl)-6-phenyl-S,6-
OH 
203 
o 
n-Butyllithium (2.5M solution in hexanes, 470 ~l, 1.17 mmol, 2.5 eq) was added 
dropwise to 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one (100 mg, 
0.47 mmol) in tetrahydrofuran (10 ml) at -78°C under nitrogen. The solution was 
stirred for 45 min. Pentanal (1 ml) was added dropwise to the reaction mixture 
which was stirred for a further 45 min. Water (10 ml) was added to the reaction 
mixture and it was concentrated in vacuo. The residue was acidified to pH 1 with 
2M hydrochloric acid and extmcted with ethyl acetate (2 x 30 ml). The combined 
organic extmcts were washed with satumted brine (30 ml), then dried over 
magnesium sulfate, filtered and concentmted in vacuo to yield a yellow liquid. The 
crude material was purified using column chromatography eluting with ethyl 
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acetate:light petroleum (5:1 v/v) to yield a light yellow oil (14 mg) which did not 
correspond to the desired compound. 
(S)-3-[2-(Furan-2-yl)-2-hydroxyetbyl]-6-phenyl-5,6-dihydropyrrolo[3,4-c] 
isoxazol-4-one [202] 
2-Furaldehyde ?" 
nBuLi 3.2 eq 
THF -78°C 
---.. :::::.... 
173 
OH 
o 202 
n-Butyllithium (2.5M solution in hexanes, 600 J1l, 1.50 mmol, 3.2 eq) was added 
dropwise to 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one (100 mg, 
0.47 mmol) in tetrahydrofuran (10 ml) at -78°C under nitrogen. The solution was 
stirred for 45 min. 2-Furaldehyde (1 ml) was added dropwise to the reaction 
mixture which was stirred for a further 45 min. Water (10 ml) was added to the 
reaction mixture and then concentrated in vacuo. The residue was acidified to pH 1 
with 2M hydrochloric acid and extracted with ethyl acetate (2 x 30 ml). The 
combined organic extracts were washed with saturated brine (30 ml), then dried 
over magnesium sulfate, filtered and concentrated in vacuo to yield a yellow liquid. 
The crude product was purified using column chromatography eluting with ethyl 
acetate:light petroleum (5:1 v/v) to yield a light yellow oil (36 mg, 25 %); [a]Drt 
+0.4 (c 10, CHCb); IR Vmax (CHCb)/cm-1 3284 (OH), 2956 (CH2), 1696 (CO), 
1646 (Ar); IH NMR ~ (400 MHz; (CDCb» 3.42-3.53 (2H, m, CH2), 5.30-5.34 
(1H, m, CHOH), 5.80 (1H, s, CHNH), 6.18-6.22 (1H, m, CHOH), 6.31-6.36 (2H, m, 
furan(H), 7.10-7.12 (lH, broad, CHNH), 7.31-7.45 (6H, m, Ar(H) and furan(H); 
l3C NMR Oc (100 MHz; (CDCb» 34.6 (CH2), 56.2 (CHNH), 64.0 (CROH), 106.3, 
110.3, 110.5 (Furan(C», 126.4, 126.5, 129.3 (Ar(C», 134.9 (C-Ar), 142.2 
(Furan(C», 154.7 (C-Furan), 163.9 (CO), 168.9 (CN), 171.8 (NCO). 
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Attempted preparation of (S)-3-(2-hydroxyheptyl)-6-phenyl-S,6-
dihydropyrrolo[3,4-c]isoxazol-4-one [204] 
Hexanal 
nBuLl 2.5 eq ~ I 
THF -78°C ~ 
OH 
.. 
o 173 204 o 
n-Butyllithium (2.5M solution in hexanes, 470 ,.u, 1.17 mmol, 2.5 eq) was added 
dropwise to 3-methyl-6-phenyl-5,6-dihydropyrrolo[3,4-c]isoxazol-4-one (100 mg, 
0.47 mmol) in tetrahydrofuran (10 ml) at -78°C under nitrogen. The solution was 
stirred for 45 min. Hexanal (1 ml) was added dropwise to the reaction mixture 
which was stirred for a further 45 min. Water (10 mI) was added to the reaction 
mixture and then concentrated in vacuo. The residue was acidified to pH 1 with 
2M hydrochloric acid and extracted with ethyl acetate (2 x 30 ml). The combined 
organic extracts were washed with saturated brine (30 mI), then dried over 
magnesium sulfitte, filtered and concentrated in vacuo to yield a yellow liquid. The 
crude material was purified using column chromatography eluting with ethyl 
acetate:light petroleum (5:1 v/v) to yield a light yellow oil (34 mg) which did not 
correspond to the desired compound. 
S-Benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanoic acid methyl 
ester [226] 
o KOH 1.1 eq /'.... /'..... Jl Mel 3.3 eq 
HZN ..... ~ "I 'OH _D_M_F_1_!h 
209 NHBoc 
Finely ground potassium hydroxide (1.69 g, 30.02 mmol, 1.1 eq) was added to a 
solution of 5-benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanoic acid 
(10 g, 27.29 mmol) in dimethylformamide (40 ml) at 0 °C and stirred for 10 min. 
After this time methyl iodide (12.78 g, 5.61 ml, 90.07 mmol, 3.3 eq) was added 
dropwise and the solution was allowed to warm to room temperature overnight, 
then the solution was added to ice (100g) and extracted with ethyl acetate (3 x 70 
ml). The combined organic extracts were dried over anhydrous magnesium sulfate, 
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filtered and concentrated in vacuo to yield a yellow oil. The crude oil was 
subjected to purification by column chromatography eluting with light petroleum: 
ethyl acetate (1:1 v/v) to yield a white solid (9.7 g, 93 %); [a]ort +12.8 (c 10, 
CHCh); mp 72-73 °C; MS: mlz calcd for CI!)iI28N206 (MH1: 381.2026. Found 
381.2018; IR Vmax (CHCh)/cm-1 3341 (NH), 2974, 2952 (CH2, CH3), 1698 (CO), 
1519 (Ar), 1366 (CN), 1252, 1163 (COC); IH NMR Oa (400 MHz; (CDCh» 1.44 
(9H, s, C(CH3)J), 1.52-1.89 (4H, m, 2 x CH2), 3.21-3.23 (2H, m, CH2), 3.73 (3H, s, 
C02CH3), 4.27-4.34 (1H, m, CHNH), 4.86-4.92 (1H, m, CH2NB), 5.09 (2H, s, 
CH2), 5.11-5.15 (1H, broad, CHNB), 7.26-7.36 (5H, m, Ar(B); l3C NMR.5c (100 
MHz; (CDCh» 26.0 (CH2), 28.3 (C(CH3)J), 30.1 (CH2), 40.5 (CH2), 52.4 (OCH3), 
53.0 (CHNH), 66.7, (CH2), 80.0 (C(CH3)3), 128.1, 128.3, 128.5 (Ar(C», 136.5 (C-
Ar», 162.6 (COO), 171.2 (NCOO), 173.1 (NCOO). 
5-Benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanal [227] 
~o DIBAH2.5eq ~o Toluene HZN 0"""""'.. HZN 
226 NHBoc 227 NHBoc 
Diisobutylaluminium hydride (1.0M in toluene, 66 ml, 65.71 mmol, 2.5 eq) was 
added to a suspenSIon of 5-benzyloxycarbonylamino-2-tert-
butoxycarbonylaminopentanoic acid methyl ester (10.00 g, 26.29 mmol) in dry 
toluene (150 ml) under nitrogen with stirring at -78°C for 1 h. The reaction 
mixture was left stirring for a further 30 min at -78°C. Methanol (25 ml) was 
added to the mixture and then poured into a solution of Rochelle salt (100 g) in 
water (200 ml). The reaction mixture was stirred vigorously for 2 h. The aqueous 
phase was separated and was extracted with ethyl acetate (3 x 80 ml). The 
combined organic layers were washed with saturated brine (80 ml), then dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield the aldehyde as a 
colourless oil (9.1 g, 99 %) used directly for oxime formation. IH NMR. OH (400 
MHz; (CDCh» 1.37 (9H, s, C(CH3)3), 1.47-1.97 (4H, m, 2 x CH2), 3.11-3.16 (2H, 
m, CH2), 3.72-3.84 (1H, m, CHNH), 4.80-4.88 (1H, m, NB), 5.01 (2H, s, CH~), 
5.05-5.15 (1H, m, NB), 7.25-7.30 (5H, m, Ar), 9.47 (1H, s, CHO). 
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5-Benzyloxycarbonylamino-2-terl-butoxycarbonylaminopentanaldoxime [228] 
HZN~ 
227 NHBoc 
NH20H.HCI 2 eq 
NaOAc4eq 
EtOH-H20 70 oc 
.. HZN~ 
,.NOH 
228 NHBoc 
The crude aldehyde, 5-benzyloxycarbonylamino-2-tert-
butoxycarbonylaminopentanal (9.1 g, 25.97 mmol) in ethanol (50 ml) was added to 
hydroxylamine hydrochloride (3.61 g, 51.94 mmol, 2 eq) and sodium acetate (8.52 
g, 103.88 mmol, 4 eq) in water (50 ml). A few drops of ethanol were added to 
dissolve the precipitate and the solution was warmed to 70°C for 10 min. The 
reaction mixture was covered and stored in a refrigerator for 17 h after cooling to 
room temperature. A white precipitate was seen and filtered off. The remaining 
mixture was extracted with ethyl acetate (3 x 70 ml) and the combined organic 
layers were concentrated in vacuo to yield a white solid (8.7 g, 92 % with syn:anti 
2:1); [a]ort +0.8 (c 10, MeOH); mp 172-173 cC; MS: mlz calcd for C1sHz7N30, 
(MW): 366.2029. Found 366.2021; IR Vmax (CHCh)/cm-1 3330 (NH), 2971 (CHz), 
1693 (CO), 1650 (CN), 1366 (CN), 1254, 1163 (CO C); IH NMR ~ (400 MHz; 
«CD3)ZSO» 1.37 (9H, s, C(CH3)3), 1.43-1.48 (4H, m, 2 x CHz), 2.93-2.98 (2H, m, 
CHz), 3.94-4.02 (lH, m, CHNH), 4.54-4.61 (1H, m, CHNH), 4.99 (2H, s, CHzAr), 
5.02-5.06 (1H, m, CHNH), 7.13-7.14 (IH, d, J 6 Hz, CHN), 7.31-7.38 (5H, m, 
Ar(H), 10.7 (1H, s, OH); l3C NMR Oc (lOO MHz; «CD3)zSO» 26.0 (CHz), 28.2 
(C(CH3)3), 29.9 (CHz), 40.1 (CHz), 49.0 (CHNH), 65.1 (CHzAr), 77.8 (C(CH3)J), 
127.6, 127.7, 128.3 (Ar(C», 137.2 (C-Ar), 149.8 (CNH), 155.0 (NCOO), 156.0 
(NCOO). 
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tert-Butyl 3-( 4-benzyloxycarbonylamino-l-terl-butoxycarbonylamino )butyl-S-
methylisoxazole-4-carboxylate [211] 
O NCS1.1 eq4.5h ,JoIOH E~N 1.1 eq 17 h /'... /"... J + 1 CHCI3:efIUX 
HZN' 'v' 'T' ~ , HZN 
228 NHBoc C02tBu 121 211 
N-Chlorosuccinimide (2.17 g, 16.26 mmol, 1.1 eq) was added portionwise to 5-
benzyloxycarbonylamino-2-tert-butoxycarbonylaminopentanaldoxime (5.4 g, 14.78 
mmol) in chloroform (250 ml) at 0 °c over 0.5 h. The reaction mixture was then 
heated to reflux for 4.5 h. tert-Butyl 3-(pyrrolidin-l-yl)but-2-enoate (6.87 g, 32.51 
mmol, 2 eq) was added in one portion to the refluxing mixture followed by 
triethylamine (1.65 g, 2.27 ml, 16.26 mmol, 1.1 eq) dropwise over 3 h. The 
mixture was heated to reflux for a further 3 h and then allowed to cool to room 
temperature. The mixture was poured into water (250 ml) and the organic layer 
was washed with citric acid solution (2M, 200 ml), sodium hydroxide solution (5 % 
w/v, 200 ml) and saturated brine (200 m1). The organic layer was dried over 
magnesium sulfute, filtered and concentrated in vacuo to yield dark brown oil. The 
dark brown oil was subjected to purification by column chromatography eluting 
with light petroleum:ethyl acetate (3:1 v/v) to yield a yellow oil (0.8 g, 11 %); [a]Drt 
-5.2 (c 10, CHCh); MS: mlz calcd for C2JI37N307 (MNa+): 526.2529. Found 
526.2522; IR Vmax (CHCh)/cm-1 3393 (NH), 2975, 2932 (CH2), 1710 (CO), 1603 
(Ar), 1367 (CN), 1251, 1167, 1121 (COC); IH NMR ~ (400 MHz; (CDCh» 1.36 
(9H, s, C(CH3)3), 1.48 (9H, s, C(CH3)3), 1.55-1.65 (2H, m, CH2), 1.75-1.85 (2H, m, 
CH2), 2.54 (3H, s, CH3), 3.12-3.28 (2H, m, CH2), 5.00 (2H, s, CH2Ar), 5.05-5.11 
(1H, m, CH2NH), 5.11-5.17 (1H, rn, CHNH), 4.03-4.08 (1H, m, CHNH), 7.22-7.34 
(5H, m, Ar(H); BC NMR oc (100 MHz; (CDCh» 13.6 (5-CH3), 26.5 (CH2), 28.2 
(C(CH3)3), 28.3 (C(CH3)3), 32.2 (CH2), 42.5 (CH2), 47.5 (CHNH), 66.6 (CH2Ar), 
79.6 (C(CH3)3), 82.7 (C(CH3)3), 108.5 (CC), 128.0, 128.1, 128.5 (Ar(C», 135.6 (C-
Ar), 156.4 (CO), 161.5 (CN), 174.0 (NCOO), 174.1 (NCOO), 175.4 (NCOO). 
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3-(I-Amino-4-benzyloxycarbonylaminobutyl)-5-metbylisoxazole-4-carboxylic 
acid hydrochloride [212] 
HZN 
211 
TFA 20 eq 4.5 h 
2M Hel 20 eq 0.5 h 
.. 
HZN 
Trifluoroacetic acid (2.28 g, 1.48 ml, 19.97 mmol, 20 eq) was added to tert-butyI3-
(4-benzyloxycarbonylamino-1-tert-butoxycarbonylamino )butyl-5-methylisoxazole-
4-carboxylate (388 mg, 1 mmol). The reaction mixture was stirred at room 
temperature for 4.5 h, and then concentrated in vacuo. Hydrochloric acid (2M, 20 
ml, 19.97 mmol, 20 eq) was added to the residue and the reaction mixture was 
stirred at room temperature for a further 0.5 h and then concentrated in vacuo. The 
residue was dissolved in water (30 ml) and washed with ethyl acetate (3 x 30 ml). 
The aqueous phase was evaporated to dryness to yield a dark brown solid (181 mg, 
68 %) whose IH NMR spectrum could not be assigned. MS: mlz calcd for 
C17H21N30S (MH1: 347.1481. Found347.1475. 
Attempted preparation of [3-(3-methyl-4-oxo-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-6-yl)propyl]carbamic acid benzyl ester [213] 
HZN 
212 
PS-COl 2.2 eq 
E~N 2.2 eq 
DMF/DCM HZN 
.. 
o 
The material assumed to be 3-(I-amino-4-benzyloxycarbonylaminobutyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride (420 mg, 1.56 mmol) was 
dissolved in dry dimethylformamide:dichloromethane (1:9 v/v) and stirred under 
nitrogen for 10 min. Polystyrene-carbodiimide (2.87 g, 3.44 mmol, 2.2 eq) and 
triethylamine (348 mg, 479 I.ll, 3.44 mmol, 2.2 eq) were added to the mixture which 
was left to stir for 17 h. The reaction mixture was then filtered and washed with 
dimethylformamide:dichloromethane (1:9 v/v) and the solvents were concentrated 
in vacuo. The residue was partitioned between ethyl acetate (30 ml) and water (30 
147 
ml) and the aqueous layer was extracted with ethyl acetate (2 x 30 ml). The 
combined organic layers were washed with saturated brine (30 ml). The organic 
layer was dried over magnesium sulfate, filtered and concentrated in vacuo to yield 
a beige solid (394 mg, 100 %). The resulting solid was purified by column 
chromatography using silica gel as absorbent and ethyl acetate:iso-hexane (1:1 v/v) 
as eluent to yield a white solid (166 mg) that could not be identified as the required 
pyrroloisoxazole as inconclusive NMR spectra was obtained. 
Attempted preparation of N-[(S)-I-(hydroxyiminomethyl)-2-metbylpropyl]-3-
oxobutyramide [230] or [(S)-1-(Hydroxyiminomethyl)-2-metbylpropyl]-(3-
oxobutyryl)carbamic acid fm-butyl ester [231] 
~O .OH ~HB~ 0 Ot. ~ or 
~N'N:~I.leq· 23oHNYI( 
153 Toluene reflux 3h 0 0 
'-..... 0 0 ~ HO 11 11 J)~ 
238a 
NHBoc 
~'OH 
BOCN~ 
231 11 11 
o 0 
(S)-2-tert-Butyloxycarbonylamino-3-methylbutanaldoxime (0.2 g, 0.93 mmol) was 
added to a solution of2,2,6-trimethyl-l,3-dioxin-4-0ne (145 mg, 133 ,u, 1.02 mmol, 
1.1 eq) in dry toluene (20 ml) and followed by pyridinium p-toluenesulfonate (256 
mg, 1.02 mmol, 1.1 eq). The reaction mixture was heated to reflux for 3 h and then 
concentrated in vacuo. The residue was partitioned between ethyl acetate (30 ml) 
and water (30 ml) and the aqueous phase was extracted with ethyl acetate (2 x 30 
ml). The combined extracts were dried over magnesium sulfute, filtered and 
concentrated in vacuo. The residue was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:3 v/v) to yield an 
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orange oil (94.4 mg) identified as (S)-(I-hydroxy-3-oxobutyrylaminomethyl-2-
methylpropyl)carbamic acid tert-butyl ester [238a] from its NMR spectrum. IH 
NMR ~ (400 MHz; (CDCh» 0.93-0.97 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), 1.44 (IH, 
s, (CH3)3), 1.77-1.82 (IH, m, CH(CH3h). 2.28 (3H, s, COCH3), 3.49 (2H, s, CH2), 
3.66-3.68 (IH, m, CHNH), 4.11-4.24 (2H, m, CHCH2), 4.59-4.64 (IH, d, J 9.6 Hz, 
CHNHBoc); 13C NMR Bc (lOO MHz; (CDCh» 18.4 «CH3)2), 19.4 «CH3h), 28.4 
«CH3)3), 30.1 (CH(CH3h), 30.2 (CH3), 49.9 (CH2), 54.6 (CHNH), 65.6 (CH2), 
155.8 (NCO), 167.1 (NCOO), 200.6 (CO). 
Attempted preparation of 3-(pyrrolidin-l-yl)but-2-enoic acid [(S)-I-
(hydroxyiminomethyl)-2-methylpropyl] amide [232] 
~OH Q ~OH ~ ~ H 155 • HNyy 
HNyy 
Toluene, 
Dean-Stark, 4h o N 0 0 
232 0 230 
Pyrrolidine (14 mg, 17 Jil, 0.20 mmol, 1.1 eq) was added to the material initially 
believed to be N-[(S)-I-(hydroxyiminomethyl)-2-methylpropyl]-3-oxobutyramide 
[230] see above (55.6 mg, 0.19 mmol) in toluene (50 ml). The reaction mixture 
was heated to reflux under Dean-Stark conditions for 4 h and then the solvent was 
concentrated in vacuo. Starting material was recovered (54.8 mg). 
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Attempted preparation of [(S)-I-(hydroxyiminomethyl)-2-methylpropyl]-(3-
oxobutyryl)carbamic acid ten-butyl ester [231] J),OH 
BoCNyy 
231 0 0 
NHBoc 
~ ~OH 
. ,&N Y::: 
° 0==o:a 
Toluene reflux 3h 
(S)-2-tert-Butyloxycarbonylamino-3-methylbutanaldoxime (0.5 g, 2.31 mmol) was 
added to a solution of diketene (0.20 g, 0.19 ml, 2.43 mmol, 1.05 eq) in dry toluene 
(20 ml). The reaction mixture was heated to reflux for 3 h and then concentrated in 
vacuo. The residue was partitioned between ethyl acetate (30 ml) and water (30 ml) 
and the aqueous phase was extracted with ethyl acetate (3 x 30 ml). The combined 
layers were washed with saturated brine (30 ml), then dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a brown oil (0.72 g). The crude product 
was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:3 v/v) to yield a yellow oil (0.13g) whose NMR data 
were identical to (S)-(I-hydroxy-3-oxobutyrylaminomethyl-2-
methylpropyl)carbamic acid tert-butyl ester [238a] as previously described. 
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Attempted preparation of [(S)-1-(bydroxyiminometbyl)-2-metbylpropyl]-(3-
oxobutyryl)carbamic acid benzyl ester [237] 
~O ,OH 
0;'0+ 1 U ~HZ 229 /1 ~N,.,.OH • ZNyy 
I . PPTS 1.1 eq 
153 Toluene reflux 3h 237 0 0 
, 0 0 
" HO 11 11 JJ~ 
238b 
NHZ 
2-Benzyloxycarbonylamino-3-methylbutanaldoxime (200 mg, 0.80 mmol) was 
added to a solution of2,2,6-trimethyl-1,3-dioxin-4-one (125 mg, 115 111,0.88 mmol, 
1.1 eq) in dry toluene (20 ml) and followed by pyridiniump-toluenesulfonate (221 
mg, 0.88 mmol, 1.1 eq). The reaction mixture was heated to reflux for 3 h and then 
concentrated in vacuo. The residue was partitioned between ethyl acetate (30 ml) 
and water (30 ml) and the aqueous phase was extracted with ethyl acetate (2 x 30 
ml). The combined extracts were dried over magnesium sulfute, filtered and 
concentrated in vacuo. The residue was subjected to purification by column 
chromatography eluting with· light petroleum:ethyl acetate (1:3 v/v) to yield an 
orange oil (53.8 mg) identified as (S)-1-(hydroxy-3-oxobutyrylaminomethyl-2-
methylpropyl)carbamic acid benzyl ester [238b] from its NMR spectrum. IH NMR 
~ (400 MHz; (CDCh» 0.83-0.87 (6H, 2 x d, J7.2 Hz, CH(CH3)2), 1.69-1.76 (1H, 
m, CH(CH3)2), 2.14 (3H, s, CH3), 3.34 (2H, s, CH2), 3.62-3.68 (1H, m, CHNH), 
4.07-4.17 (2H, m, CHCH2), 4.94-4.96 (1H, d, J 9.6 Hz, CHNHZ), 5.02 (2H, s, 
CH2Ar), 7.22-7.29 (5H, m, Ar(H); l3C NMRoc (100 MHz; (CDCh» 18.5 «CH3)2), 
19.4 «CH3)z), 29.6 (CH(CH3)2), 30.4 (CH3), 49.9 (CH2), 55.4 (CHNH), 67.0 
(NCH2), 68.1 (CH2Ar), 128.3, 128.5, 128.8 (Ar(C», 136.6 (C-Ar), 156.4 (NCO), 
172.4 (NCOO), 200.6 (CO). 
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Attempted preparation of [(S)-1-(bydroxyiminometbyl)-2-metbylpropyl]-(3-
oxobutyryl)carbamic acid benzyl ester [237] 
~>OH 
ZNyy 
237 0 0 
NHZ 
~ ..I'I0H ~N 
o 
O~ 
Toluene reflux 3h 
2-Benzyloxycarbonylamino-3-methylbutanaldoxime (500 mg, 2.00 mmol) was 
added to a solution of diketene (180 mg, 160 J,Ll, 2.10 mmol, 1.05 eq) in dry toluene 
(20 ml). The reaction mixture was heated to reflux for 3 h and then concentrated in 
vacuo. The residue was partitioned between ethyl acetate (30 ml) and water (30 ml) 
and the aqueous phase was extracted with ethyl acetate (2 x 30 ml). The combined 
layers were washed with saturated brine (20 ml), dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a brown oil (598 mg). The crude 
material was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:3 v/v) to yield a yellow oil (94.6 mg). NMR data were 
identical to (S)-1-(hydroxy-3-oxobutyrylaminomethyl-2-methylpropyl)carbamic 
acid benzyl ester [238b] as above. 
(S)-vaIiool [240] 
Me3SiCI4eq 
LiBH4 2eq 
~ THF24h I .. C02H ~ 
149 240 
Chlorotrimethylsilane (27.82 g, 32.50 ml, 256.08 mmol, 4 eq) was added to a 
solution of lithium borohydride (2.79 g, 128.04 mmol, 2 eq) in dry tetrahydrofuran 
(100 ml) over 5 min at room temperature under nitrogen. (S)-Valine (7.50 g, 64.02 
mmol) was then added to the solution over 5 min. The reaction mixture was left to 
stir at room temperature for 24 h. Methanol was added until there was no 
effervescence visible. The solvent was then concentrated in vacuo and the residue 
was treated with 20 % potassium hydroxide solution. The solution was extracted 
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with dichloromethane (3 x 70 ml) and the combined organic extracts were dried 
over anhydrous sodium sulfate, filtered and concentmted in vacuo to yield the (S)-
valinol as a yellow oil (5.14 g, 78 %), which was used without further purification. 
[a]ort -2.28 (c 10, CHCh), lit.76 [a]ort +10 (c 10 %, H20); MS: mlz calcd for 
C,H13NO {Mlt}: 104.1075. Found 104.1075; IR Vmax (CHCh)/cm-1 3358 (OH), 
1593 (NH2), 1467 (CH); IH NMR Oa (400 MHz; (CDCh» 0.70-0.73 (6H, 2 x d, J 
7.2 Hz, CH(CH3h), 1.37-1.45 (1H, m, CH(CH3)2), 2.35-2.39 (1H, ddd, J 2 Hz, 3.8 
Hz, 8.4 Hz, CHCH2), 3.09-3.14 (1H, dd, J8.4 Hz, 10.6 Hz, CH(H)OH),3.41-3.44 
(1H, dd, J 3.8 Hz, 10.6 Hz, CH(H)OH); 13C NMR Oc (100 MHz; (CDCh» 18.2 
«CH3)2), 19.4 «CH3h), 31.1 (CH(CH3h), 64.4 (CHCH2). 
Attempted preparation of(S)-2-methyl-l-nitromethylpropylamine [241] 
TsC11.1 eq 
NH Et N 11 NaN02 1.1 eq NH 
_ 2 "3 • eq ~_ H2 _ 2 
-: DCM 17h DMF 17h 
I"lH 240· IlOTS 284 a no, 241 
~ WHTS nH 243 
Preparation of tosylate 
Triethylamine (216 mg, 297111,2.13 mmol, 1.1 eq) was added to (S)-valinol (0.2 g, 
1.94 mmol) in dichloromethane (20 ml) at 0 °C under nitrogen, followed by p-
toluenesulfonyl chloride (407 mg, 2.13 mmol, 1.1 eq). The reaction mixture was 
left to stir at room temperature for overnight and concentmted in vacuo. 
Preparation of nitro compound 
Dimethylformamide (20 ml) was added immediately to the residue under nitrogen 
and followed by sodium nitrite (147 mg, 2.13 mmol, 1.1 eq). The reaction mixture 
was left to stir overnight and was reduced in vacuo. The residue was partitioned 
between water (30 ml) and ethyl acetate (30 ml) and the aqueous phase was 
extracted with ethyl acetate (2 x 30 ml). The combined organic layers were washed 
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with saturated sodium hydrogen dicarbonate solution (30 ml), then dried with 
magnesium sulfute, filtered and concentrated in vacuo to yield a light yellow oil 
(532 mg, 100 %) identified as N-tosylated product, (S)-I-hydroxymethyl-2-
methylpropyl-p-toluenesulfonamide [243]. IR Vmax (CHCh)/cm"l 3505 (OH), 3283 
(NH), 2%1 (CHz, CH3) 1593 (Ar), 1322, 1158 (S02); IH NMR Oa (400 MHz; 
(CDCh» 0.77-0.79 (6H, 2 x d,J6.8 Hz, CH(CH3)2), 1.73-1.82 (1H, m, CH(CH3h), 
2.43 (1H, s, ArCH3), 3.02-3.06 (1H, m, CHNH), 3.52-3.61 (2H, m, CHCH2), 4.91-
4.94 (2H, d,J8.4 Hz, CHNH), 7.29-7.31 (2H, m, 2 x CHCCH3), 7.77-7.79 (2H, m, 
2 x SCCH»; BC NMR Oc (100 MHz; (CDCh» 18.4 «CH3h), 19.1 «CH3)2),21.6 
(CCH3), 29.5 (CH(CH3)2), 61.0 (CHNH), 63.1 (CHCH2), 127.2 (CHCCH3), 129.7 
(SCCH), 137.5 (CHCCH3), 143.5 (secH). 
[(S)-1-Hydroxymetbyl-2-metbylpropyl]carbamic acid tert-butyl ester [244] 
~H2 (BOC)20 1.05 eq NHBoc 
~ E~N1.05eq I J DCM17h ~ 
OH 230· I 6H 244a 
Di-tert-butyl dicarbonate (2.22 g, 10.18 mmol, 1.05 eq) in dichloromethane (10 ml) 
was added dropwise to (S)-valinol (1.0 g, 9.69 mmol) in dichloromethane (25 ml) 
at 0 QC. Triethylamine (1.03 g, 1.42 ml, 10.18 mmol, 1.05 eq) was then added 
dropwise to the reaction mixture. The reaction was left stirring at room temperature 
for 17 h and washed with citric acid solution (1M, 50 ml) and saturated brine (2 x 
50 ml). The solution was dried over magnesium sulfilte, filtered and concentrated 
in vacuo to yield a colourless oil (2.05 g, 100 %). The oil was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(2:1 v/v) to yield a colourless oil (1.31 g, 66 %); [a]Drt -24.8 (c 10, CHCh), lit 69 
[a]Drt -17 (c 1.68, CHCh); MS: mlz calcd for C~H13NO (MH): 104.1075. Found 
104.1078; IR Vmax (CHCh)/cm"l 3337 (OH), 3032 (NH), 2962 (CH2), 1714 (CO), 
1315 (CN), 1234, 1150 (COC); IH NMR OH (400 MHz; (CDCh» 0.88-0.92 (6H, 2 
x d, J 6.8 Hz, CH(CH3h), 1.40 (9H, s, (CH3)3), 1. 75-1.86 (IH, m, CH(CH3h), 3.01 
(1H, broad, OH), 3.33-3.41 (1H, m, CHNH), 3.51-3.68 (1H, m, CHCH2), 4.80-4.89 
(1H, broad, CHNH); l3C NMR Oc (100 MHz; (CD Ch» 18.5 «CH3h), 19.5 
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«CH3)2), 28.4 (CH3)3), 29.2 (CH(CH3h), 59.2 (CHNH), 63.2 (CHCH2), 79.4 
(C(CH3)3), 156.8 (COO). 
[(S)-1-Hydroxymethyl-2-methylpropyl]carbamic acid benzyl ester [244b] 
~H2 CbzC11.1 eq NHZ 
NaHC03 4.2 eq 
"() DCM-H,O.17h n 
OH 240 OH 244b 
Benzyl chloroformate (1.82 g, 1.52 ml, 10.66 mmol, 1.1 eq) was added dropwise to 
a bi-phase solution of (S)-valinol (1 g, 9.69 mmol) and sodium hydrogen carbonate 
(3.42 g, 40.71 mmol, 4.2 eq) in water (50 ml) and dichloromethane (50 ml) at 0 °c. 
The reaction mixture was stirred for 17 h and the aqueous phase was then acidified 
to pH 1 with 2M hydrochloric acid and extracted with dichloromethane (2 x 50 ml). 
The combined extracts were washed with saturated brine (50 ml), then dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a colourless oil (2.72 
g, 100 %). The oil was subjected to purification by column chromatography eluting 
with light petroleum:ethyl acetate (2:1 v/v) to yield a white solid (2.06 g, 90 %); 
[a]ort -20.67 (c 12, CHCh); mp 50-52 °C; MS: mlz calcd for C13H19N03 (M1-f"): 
238.1443. Found 238.1447; IR Vmax (CHCh)/cm"l 3322 (OH), 3031 (NH), 2963, 
2875 (CH2, CH3), 1700 (CO), 1541 (Ar), 1235, 1177 (COC); IH NMR ~ (400 
MHz; (CDCh» 0.89-0.94 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), 1.80-1.87 (IH, m, 
CH(CH3h), 2.96 (1H, broad, OH), 2.45-2.51 (lH, m, CHNH), 3.58-3.68 (2H, m, 
CHCH2), 5.07-5.11 (1H, m, CH2), 5.16-5.18 (1H, d, J 8.8 Hz, CHNH), 7.27-7.36 
(5H, m, Ar(H); l3C NMR 6c (100 MHz; (CDCh» 18.5 «CH3h), 19.5 « CH3h), 
29.3 (CH(CH3)2), 58.6 (CHNH), 63.6 (CH20H), 66.9 (CH2Ar), 127.8, 128.2, 128.5 
(Ar(C», 136.5 (C-Ar), 157.2 (COO). 
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Attempted preparation of [(S)-2-methyl-l-nitromethyJpropyJ]carbamic acid 
terl-butyl ester [246a] 
NHBoc MsC11.2 eq NHBoc N NO 10 NHBoc E~N 1.2 eq = a 2 eq 
~ DCM 17,.h~ DMF 17 h 
I J - I J • YJ. 
OH 2448 OMs 245a _.N~ 
o 0 246a 
NHBoc 
2448 
Preparation of methanesulfonic acid (S)-2-tert-butoxycarbonylamino-3-
methylbutyl ester [245a] 
Triethylamine (305 mg, 420 ~l, 3.01 mmol, 1.2 eq) was added to a solution of [(S)-
1-hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl ester (510 mg, 2.51 
mmol) in dichloromethane (20 ml) at 0 °C under nitrogen and followed by mesyl 
chloride (345 mg, 233 ~l, 3.01 mmol, 1.2 eq). The reaction mixture was left to stir 
at room temperature for 4 h. The mixture was then washed with water (30 ml), 
citric acid solution (1M, 30 ml) and saturated brine (30 ml), then dried over 
magnesium sulfute, filtered and concentrated in vacuo to yield a white solid (735.1 
mg, 100 %); IH NMR Ba (400 MHz; (CDCh» 0.93-0.99 (6H, 2 x d, J 6.8 Hz, 
CH(CH3)2), 1.44 (9H, s, «CH3)3), 1.83-1.88 (1H, m, CH(CH3)z), 3.02 (1H, s, 
SCH3», 3.59-3.63 (1H, m, CHNH), 4.24-4.27 (2H, m, CHCH2), 4.64-4.65 (1H, 
broad, CHNH); l3C NMR Bc (100 MHz; (CDCh» 18.5 «ffiJ)2), 19.4 «CH3)2), 
28.4 «CH3)3), 29.1 (CH(CH3)2), 37.4 (SCH3), 58.2 (CHNH), 69.7 (CH2), 79.8 
(C(CH3)3), 155.6 (COO). 
Preparation ofnitro compound 
Sodium nitrite (1.32 g, 19.19 mmol, 10 eq) was added to a solution of 
methanesulfonic acid (S)-2-tert-butoxycarbonylamino-3-methylbutyl ester (540 mg, 
1.92 mmol, 1 eq) in dimethylfonnamide (10 ml) under nitrogen. The reaction 
mixture was left to stir overnight and the solvents were concentrated in vacuo. The 
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residue was partitioned between water (50 ml) and ethyl acetate (50 ml) and the 
aqueous phase was extracted with ethyl acetate (2 x 50 ml). The combined organic 
layers were washed with saturated sodium hydrogen carbonate solution (50 ml), 
water (50 ml) and saturated brine (50 ml), then dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield light a yellow oil (251 mg, 56 %). The 
crude material was subjected to purification by column chromatography eluting 
with light petroleum:ethyl acetate (1:2 v/v) to yield a colourless oil (52.5 mg, 12 %) 
whose data were identical to the alcohol [244a]. 
Attempted preparation of [(S)-2-methyl-l-nitromethylpropyl]carbamic acid 
benzyl ester [246b] 
NHZ MsC11.1 eq 
E~N 1.1 eq IJ DCMI7h. 
OH 244b 
NHZ NaN02 20 eq 
DMF 17h 
NHZ 
IJ · ' 
OM. 245b 1):;"'0 
NHZ 
24Gb 
244b 
Preparation of methanesulfonic acid (S)-2-benzyloxycarbonylamino-3-· 
methylbutyl ester [245b] 
Triethylamine (0.24 g, 0.32 ml, 2.32 mmol, 1.1 eq) was added to a solution of [(S)-
1-hydroxymethyl-2-methylpropyl]carbamic acid benzyl ester (0.5 g, 2.11 mmol, 1 
eq) in dichloromethane (20 ml) at 0 °C under nitrogen and followed by mesyl 
chloride (0.27 g, 2.32 mmol, 1.1 eq). The reaction mixture was left to stir at room 
temperature for 4 h. The mixture was then washed with water (30 ml), citric acid 
solution (IM, 30 ml) and saturated brine (30 ml), then dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield a white solid (0.62 g, 93 %); IH 
NMR ~(400MHz; (CDCh» 0.96-1.03 (6H, 2 x d,J6.8 Hz, CH(CH3h), 1.85-1.92 
(1H, m, CH(CH3)2), 2.96 (1H, s, SCH3), 3.69-3.75 (1H, m, CHNH), 4.28-4.29 (2H, 
d,J 4.4 Hz, CHCH2), 4.85-4.88 (1H, d, J9.2 Hz, CHNH), 5.11-5.12 (2H, s, CH2Ar), 
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7.30-7.37 (5H, m, Ar(1/); BC NMR oc (100 MHz; (CD Ch» 18.5 «CH3)2), 19.4 
«CH3)2), 29.1 (CH(CH3)2), 37.4 (SCH3), 56.0 (CHNH), 67.0 (CHCH2), 69.4 
(CH2Ar), 128.2, 128.3, 128.6 (Ar(C», 136.4 (C-Ar), 156.1 (COO). 
Preparation ofnitro compound 
Sodium nitrite (974 mg, 14.12 mmol, 20 eq) was added to a solution of 
methanesulfonic acid (S)-2-benzyloxycarbonylamino-3-methylbutyl ester (200 mg, 
0.71 mmol) in dimethylfonnamide (15 ml) under nitrogen. The reaction mixture 
was left to stir overnight and the solvents were concentrated in vacuo. The residue 
was partitioned between water (30 ml) and ethyl acetate (30 ml) and the aqueous 
phase was extracted with ethyl acetate (2 x 30 ml). The combined organic layers 
were washed with saturated sodium hydrogen carbonate solution (30 ml), water (30 
ml) and saturated brine (30 ml), then dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a light yellow oil (83.7 mg, 45 %). The crude 
material was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:2 v/v) to yield a colourless oil (59 mg, 35 %) whose data 
were identical to the alcohol [244b]. 
Attempted preparation of [(S)-1-iodometbyl-2-methylpropyl]carbamic acid 
ten-butyl ester [247a] 
NHBoc Na13.2eq 
Acetone 17h 
NHBoc 
245a 
·11 
~ o HN~ ~ 
247a 
Sodium iodide (339 mg, 2.26 mmol, 3.2 eq) was added to a solution of [(S)-I-
hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl ester (199 mg, 0.71 mmol, 
1 eq) in acetone (20 ml). The reaction mixture was heated to reflux for 17 h and 
was concentrated in vacuo. The residue was partitioned between ethyl acetate (30 
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ml) water (30 ml) and the aqueous phase was extracted with ethyl acetate (2 x 30 
ml). The combined organic layers were washed with 10 % sodium thiosulfate 
solution (30 ml), water (30 ml) and saturated brine (30 ml), then dried over sodium 
sulfate, flitered and concentrated in vacuo to yield a white solid (162 mg, 100 %). 
The product was identified as cyclic carbamate, 4-isopropyloxazolidin-2-one [248] 
from its NMR spectrum, lit.77 [a]Drl -20.67 (c 12, CHCh); mp 50-52°C; IH NMR 
fuI (400 MHz; (CDCh» 0.83-0.91 (6H, 2 x d, J 6.8 Hz, CH(CH3)2), l.63-l.71 (1H, 
m, CH(CH3h), 3.52-3.58 (1H, dd, J 6.4 Hz, 16.0 Hz, CHNH), 4.02-4.06 (1H, dd, J 
6.4 Hz, 8.7 Hz, CH2), 4.36-4.40 (1H, t, J 8.7 Hz, 16.0 Hz, CH2), 6.26 (1H, broad, 
CHNH); l3C NMR Bc (100 MHz; (CDCh» 18.1 «CH3h), 18.5 «CH3h), 33.1 
(CH(CH3h), 58.8 (CHNH), 69.0 (CHCH2), 160.6 (COO). 
Attempted preparation of [(S)-1-iodometbyI-2-methylpropyI]carbamic acid 
benzylester [247b] 
NHZ Nal 3.2 eq NHZ 
Acetone 17h 
245b 247b 
o 
HN-f y::;o 
Sodium iodide (97 mg, 0.65 mmol, 3.2 eq) was added to a solution of 
methanesulfonic acid (S)-2-benzyloxycarbonylamino-3-methylbutyl ester (64 mg, 
0.2 mmol) in acetone (10 ml). The reaction mixture was heated to reflux for 17 h 
and concentrated in vacuo. The residue was partitioned between ethyl acetate (30 
ml) and water (30 ml) and the aqueous phase was extracted with ethyl acetate (2 x 
30 ml). The combined organic layers were washed with 10 % sodium thiosulfate 
solution (30 ml), water (30 ml) and saturated brine (30 ml), then dried over sodium 
sulfate, filtered and concentrated in vacuo to yield a light yellow solid. The crude 
material was subjected to purification by column chromatography eluting with iso-
hexane:ethyl acetate (3:2 v/v) to yield a white solid (29.6 mg, 42 %) whose data 
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were identical to those reported later, and the by-product which was identified as 
cyclic carbamate [248], 4-isopropyloxazolidin-2-one (5 mg, 7 %) whose data were 
identical to those reported above. 
[(S)-1-Iodometbyl-2-metbylpropyl]carbamic acid tert-butyl ester [247a] 
NHBoc 
PS-PPh3 2.1 eq 
12 2.2 eq 
Imidazole 2.5 eq 
DCM reflux 17h 
.. 
2448 
NHBoc 
Yi 247. 
Iodine (2.75 g, 10.82 mmol, 2.2 eq) was added to a suspension of polystyrene-
triphenylphosphine (5.19 g, 10.33 mmol, 2.1 eq) in dichloromethane (100 ml) and 
the mixture was stirred at room temperature under nitrogen for 15 min. Imidazole 
(827 mg, 12.30 mmol, 2.5 eq) was then added and the mixture was stirred for 
another 15 min. [(S)-I-Hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl 
ester (1.0 g, 4.92 mmol) was added to the mixture which was heated to reflux for 20 
h. The reaction mixture was then filtered and the filtrate was washed with 10 % 
sodium thiosulfate solution (70 ml), water (70 ml) and saturated brine (70 ml). The 
organic layer was dried over sodium sulfate, filtered and concentrated in vacuo to 
yield a yellow solid (897 mg, 58 %). The crude material was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(2:1 v/v) to yield a yellow solid69 (668 mg, 43 %); [a]Drt -20.8 (c 12.5, CHCh), lit.69 
[a]Drt -18.7 (c 2.1, CHCh); mp 62-65 QC, lit. 69 mp 48-51 QC; MS: mlz calcd for 
CloH2oIN02 (MH): 314.0617. Found 314.0637; (Found C: 38.67 H: 6.41 N: 4.73. 
Required C: 38.35 H: 6.44 N: 4.47); IR Vmax (CHCh)/cm-1 3292 (NH), 2962, 2870 
(CH2, CH3), 1691 (CO), 1365 (CN), 1258, 1168 (COC); IH NMR ~ (400 MHz; 
(CDCh» 0.92-0.97 (6H, 2 x d, J 6.8 Hz, CH(CH3h), 1.45 (9H, s, (CH3)3), 1.75-
1.80 (1H, m, CH(CH3)2), 3.09-3.13 (1H, m, CHNH), 3.31-3.35 (1H, dd, J 4.8 Hz, 
10.4 Hz, CHCH2), 3.40-3.43 (1H, dd, J 3.6 Hz, 10.4 Hz, CHCH2), 4.53-4.58 (1H, 
broad, CHNH); l3C NMR oc (100 MHz; (CDCh» 12.5 (CHCH2), 17.9 «CH3)2), 
18.3 «CH3)2), 27.3 «CTh)3), 31.3 (CH(CH3)2), 54.4 (CHNH). 
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[(S)-1-Iodomethyl-2-metbylpropyl]carbamic acid leFt-butyl ester [247a] 
PPh3 2.2 eq 
~HBoc 12 2.2 eq 
: Imidazole 2.5 eq 
~ DCM reflux 17h 
I 6H 244a ~ 
NHBoc 
11 I 247a 
Iodine (2.75 g, 10.82 mmol, 2.2 eq) was added to a solution oftriphenylphosphine 
(2.84 g, 10.82 mmol, 2.2 eq) in dichloromethane (100 ml) and the mixture was 
stirred at room temperature under nitrogen for 15 min. Imidazole (827 mg, 12.30 
mmol, 2.5 eq) was then added and the mixture was stirred for another 15 min. [(8)-
I-Hydroxymethyl-2-methylpropyl]carbamic acid tert-butyl ester (1 g, 4.92 mmol) 
was added to the mixture which was heated to reflux for 20 h. The reaction mixture 
was then filtered and the filtrate was washed with 10 % sodium thiosulmte solution 
(70 ml), water (70 ml) and saturated brine (70 ml). The organic layer was dried 
over sodium sulfate, filtered and concentrated in vacuo to yield a yellow solid (3.74 
g, 100 %). The crude product was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (2:1 v/v) to yield a 
yellow solid (471 mg, 31 %) whose data were identical to those reported above. 
[(8)-1-Iodomethyl-2-metbylpropyl]carbamic acid benzyl ester [247b] 
PS-PPh3 2.1 eq 
NHZ 12 2.2 eq NHZ 
IJ Imidazole 2.5 eq 11: DCM reflux 17h .. OH 244b I 247b 
Iodine (2.35 g, 8.85 mmol, 2.2 eq) was added to a suspension of polystyrene-
triphenylphosphine (4.45 g, 8.85 mmol, 2.1 eq) in dichloromethane (100 ml) and 
the mixture was stirred at room temperature under nitrogen for 15 min. Imidazole 
(0.72 g, 10.54 mmol, 2.5 eq) was then added and the mixture was stirred for 
another 15 min. [(8)-I-Hydroxymethyl-2-methylpropyl]carbamic acid benzyl ester 
(1 g, 4.21 mmol) was added to the mixture which was heated to reflux for 20 h. 
The reaction mixture was then filtered and the filtrate was washed with 10 % 
sodium thiosulfate solution (70 ml), water (70 ml) and saturated brine (70 ml). The 
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organic layer was dried over sodium sulfate, filtered and concentrated in vacuo to 
yield a yellow solid (1.26 g, 86 %). The crude product was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(2:1 v/v) to yield a light yellow solid (1.17 g, 80 %); [«1Drt -22.5 (c 10.3, CHCh); 
mp 76-77.5 °C; MS: mlz calcd for C13HlSIN02 (MIt): 348.0461. Found 348.0495; 
IR Vmax (CHCh)/cm·1 3338 (NH), 2960, 2872 (CH2, CH3), 1689 (CO), 1532 (Ar), 
1239, 1182 (COC); IH NMR &i (400 MHz; (CDCh» 0.86-0.91 (6H, 2 x d, J 6.8 Hz, 
CH(CH3h), 1.68-1.77 (1H, In, CH(CH3h), 3.08-3.15 (1H, m, CHNH), 3.26-3.30 
(1H, dd, J 5.9 Hz, 10.4 Hz, CHCH2), 3.34-3.38 (1H, dd, J 4 Hz, 10.4 Hz, CHCH2), 
4.72-4.75 (1H, d,J8.4 Hz, CHNH), 5.04 (2H, s, CH2Ar), 7.24-7.31 (5H, m, Ar(H); 
l3C NMR Qc (100 MHz; (CDCh» 12.0 (CH2), 17.3 «CH3h), 18.2 «CH3)2), 31.3 
(CH(CH3n), 55.1 (CHNH), 65.9 (CH2Ar), 127.1, 127.2, 127.5 (Ar(C», 136.4 (C-
Ar), 157.1 (COO). 
[(S)-2-Methyl-l-nitromethylpropyl]carbamic acid tot-butyl ester [246a] 
NaN02 2.2eq ~HBoc Phloroglucinol 1.1 eq NHBoc 
: Urea 2.2 eq . 11 DMF20h.. IJ 
I 247a N02 246a 
Sodium nitrite (490 mg, 7.09 mmol, 2.2 eq), phloroglucinol (447 mg, 3.55 mmol, 
1.1 eq) and urea (490 mg, 7.09 mmol, 2.2 eq) were added to a solution of [(S)-I-
iodomethyl-2-methylpropyI1carbamic acid tert-butyl ester (1.01 g, 3.22 mmol) in 
dry dimethylformamide under nitrogen. The reaction mixture was stirred at room 
temperature for 20 h and was washed with water (30 ml), 10 % sodium thiosulfate 
solution (30 ml), water (30 ml), 10 % potassium bicarbonate solution (30 ml) and 
saturated brine (30 ml). The organic layer was dried over sodium sulfate, filtered 
and concentrated in vacuo to yield a yellow solid (998 mg, 100 %). The crude 
material was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (2:1 v/v) to yield a light yellow solid (487 mg, 64 %); [«1Drt 
-24 (c 10, CHCh); mp 84-86.5 °C; MS: mlz calcd for ClOH20N204 (MIt): 233.1501. 
Found 233.1514; IR Vmax (CHCh)/cm·1 3349 (NH), 2979 (CH2, CH3), 1681 (CO), 
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1536, 1369 (CN02), 1248, 1163 (COC); IH NMR 5H (400 MHz; (CDCh» 0.89-
0.94 (6H, 2 x d, J 7.2 Hz, CH(CH3)2), 1.37 (9H, s, (CH3)3), 1.78-1.87 (lH, m, 
CH(CH3h), 3.87-3.90 (lH, m, CHNH), 3.44-3.47 (1H, m, CHCH2), 4.73-4.76 (1H, 
broad, CHNH); 13C NMR Oc (100 MHz; (CDCh» 12.5 (CHCH2), 18.5 «CH3)2), 
19.5 «CH3)2), 28.3 «CH3)3), 30.0 (CH(CH3)2, 55.0 (CHNH). 
[(S)-2-Metbyl-l-nitrometbylpropyl]carbamic acid benzyl ester [246b] 
NHZ NaN02 2.2 eq NHZ 
Phloroglucinol 1.1 eq 
~ Urea 2.2eq ~ I I DMF 20h I ~ 
I 247b" N02 246b 
Sodium nitrite (430 mg, 6.24 mmol, 2.2 eq), phloroglucinol (393 mg, 3.12 mmol, 
1.1 eq) and urea (374 mg, 6.24 mmol, 2.2 eq) were added to a solution of [(S)-l-
iodomethyl-2-methylpropyl]carbamic acid benzyl ester (984 mg, 2.83 mmol) in dry 
dimethylformamide under nitrogen. The reaction mixture was stirred at room 
temperature for 20 h and washed with water (30 ml), 10 % sodium thiosulfate 
solution (30 ml), water (30 ml), 10 % potassium bicarbonate solution (30 ml) and 
saturated brine (30 ml). The organic layer was dried over sodium sulfate, filtered 
and concentrated in vacuo to yield a yellow solid (862 mg, 100 %). The crude 
product was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (2:1 v/v) to yield a light yellow solid (628 mg, 70 %); [«]Drt 
-32.4 (c 10, CHCh); mp 66°C; MS: m/z calcd for C13HlsN204 (MH1: 267.1345. 
Found 267.1338; IR Vmax (CHCh)/cm"l 3324 (NH), 2964 (CH2, CH3), 1696 (CO), 
1554 (Ar), 1381 (CN02), 1244 (COC); IH NMR ~ (400 MHz; (CDCh» 0.91-0.95 
(6H, 2 x d, J 6.8 Hz, CH(CH3)2), 1.82-1.87 (1H, m, CH(CH3)2), 3.91-4.00 (lH, m, 
CHNH), 4.46-4.52 (2H, m, CHCH2), 4.98-5.02 (1H, broad, CHNH), 5.04 (2H, s, 
CH2Ar), 7.24-7.32 (5H, m, Ar(H); 13C NMR oc (100 MHz; (CDCh» 15.1 
(CHCH2), 19.1 «CH3)2), 19.8 «CH3h), 30.4 (CH(CH3)2), 55.6 (CHNH), 67.6 
(CH2Ar), 128.6, 128.7, 129.0 (Ar(C», 136.4 (C-Ar), 156.2 (COO). 
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(I-Benzenesulfonyl-2-methylpropyl)carbamic acid teFt-butyl ester [251] 
H,NBGC + 10 !:~~~:mniC :Cid Na saH 1.1.:: ~::'Ph 
249 250 II _ 
251 
Benzenesulfinic acid sodium salt (2.03 g, 12.39 mmol, 1.1 eq) in water (10 ml) was 
added to a solution of carbamic acid ten-butyl ester (1.32 g, 11.27 mmol) in 
tetrahydrofuran (4 ml) at room temperature. 2-Methylpropanal (0.89 g, 1.13 ml, 
12.39 mmol, 1.1 eq) was added to the mixture and then followed by formic acid 
(2.5 ml). The reaction mixture was stirred for 17 h and a white precipitate (3.68 g, 
100 %) was filtered. The crude product was recrystalised by iso-hexane:ethyl 
acetate (4:1 v/v) to yield a white solid (2.64 g, 75 %); [alDrt -16 (c 12, CHCh); mp 
122.5-123.5 °C; MS: m/z caled for ClsH23N04S (MH1: 314.1426. Found 314.1434; 
(Found C: 57.28 H: 7.69 N: 4.71 S: 9.93. Required C: 57.48 H: 7.4 N: 4.47 S: 
10.23); IR Vmax (CHCh)/cm-1 3353 (NH), 2974 (CH2, CH3), 1703 (CO), 1644 (Ar), 
1367 (CN), 1307 (S~), 1168 (COC), 1142 (S02), 1082 (COC); IH NMR OH (400 
MHz; (CDCh» 1.00-1.08 (6H, 2 x d, J 6.8 Hz, CH(CH3h), 1.16 (9H, s, (CH3)3), 
2.68-2.76 (1H, m, CH(CH3)2), 4.66-4.69 (lH, dd, J3.4 Hz, 11.2 Hz, CHNH), 5.04-
5.07 (1H, d, J 11.2 Hz, CHNH), 7.48-7.57 (3H, m, Ar(H), 7.82-7.84 (2H, d, J7.4 
Hz, Ar(H); 13C NMR Oc (100 MHz; (CDCh» 17.3 «CH3)2), 21.0 «CH3)2), 27.3 
(CH(CH3h), 28.4 «CH3)3), 74.7 (CHNH), 81.2 (C(CH3)3), 129.3, 129.6 (Ar(C), 
134.1 (Ar(C), 138.5 (C-Ar), 154.5 (NCOO). 
(2-Metbyl-l-nitromethylpropyl)carbamic acid terl-butyl ester [246a] 
Jy N-Benzylqulnium chloride 12 mol % NHBoc SO Ph CH3N02 n 2 KOH 5.2eq 
TolUene -78 GC to RT 48h 
NHBoc 251" N02 2468 
N-Benzylquinium chloride (35 mg, 0.08 mmol, 12 mol %) was added to a solution 
of (1-benzenesulfonyl-2-methylpropyl)carbamic acid ten-butyl ester (200 mg, 0.64 
mmol) and potassium hydroxide (186 mg, 3.32 mmol, 5.2 eq) in toluene (5 ml) at-
78°C under nitrogen. Nitromethane (203 mg, 180 Ill, 3.32 mmol, 5.2 eq) was 
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added dropwise to the mixture and the mixture was stirred for 48 h to room 
temperature. The mixture was concentrated in vacuo and the residue was 
partitioned between ethyl acetate (30 ml) and water (30 ml). The aqueous layer 
was extracted with ethyl acetate (2 x 30 ml). The combined layers were washed 
with water (30 ml) and saturated brine (30 ml), then dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a yellow oil (151 mg, 100 %). The oil 
was subjected to purification by column chromatography eluting with ethyl 
acetate:iso-hexane (2:3 v/v) to yield a light yellow solid71 (107 mg, 72 %) whose lH 
NMR data were identical to those reported above. 
(2-Metbyl-l-nitrometbyJpropyJ)carbamic acid terl-butyJ ester [246a] 
Jy N-Benzylquinium chloride 12 mnOI % NHBoc SO Ph CH3N02 2 CsOH 130 mol % 
HB Toluene -78°C to RT 48h 
N oc 251 .. N02 246a 
N-Benzylquinium chloride (35 mg, 0.08 mmol, 12 mol %) was added to a solution 
of (l-benzenesulfonyl-2-methylpropyl)carbamic acid tert-butyl ester (200 mg, 0.64 
mmol) and cesium hydroxide (139 mg, 0.83 mmol, 130 mol %) in toluene (5 ml) at 
-78 °C under nitrogen. Nitromethane (203 mg, 180 ~l, 3.32 mmol, 5.2 eq) was 
added dropwise to the mixture and stirred for 48 h to room temperature. The 
mixture was concentrated in vacuo and the residue was partitioned between ethyl 
acetate (30 ml) and water (30 ml). The aqueous layer was extracted with ethyl 
acetate (2 x 30 ml). The combined layers were washed with water (30 ml) and 
saturated brine (30 ml), then dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a yellow oiel (177 mg) which was not further 
purified and its lH NMR data were identical to those reported above but contained 
starting materials. 
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Attempted preparation of (Z)-3-hydroxybut-2-enoic 
nitromethylpropyl]amide [242] 
o )l 0 0 
JHBGe Ao~ H~~ 
IJ PPTS~1eq no ~ -
N02 Toluene 2 242 
246a Dean-Stark 3h 
acid [(S)-2-metbyl-l-
o OH 
HN~ 
no, 242. 
[(S)-2-Methyl-I-nitromethylpropyl]carbamic acid tert-butyl ester (113 mg, 0.49 
mmol) was added to a solution of 2,2,6-trimethyl-I ,3-dioxin-4-one (76 mg, 70 ~l, 
0.54 mmol, 1.1 eq) in dry toluene (20 ml) and followed by pyridinium p-
toluenesulfonate (134 mg, 0.54 mmol, 1.1 eq). The reaction mixture was heated to 
reflux for 3 h and then concentrated in vacuo. The residue was partitioned between 
ethyl acetate (30 ml) and water (30 ml) and the aqueous phase was extracted with 
ethyl acetate (2 x 30 ml). The combined extracts were dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield a dark brown oil (77 mg, 73 %). 
The residue was subjected to purification by column chromatography eluting with 
light petroleum:ethyl acetate (1:3 v/v) to yield a yellow oil (12 mg). Starting 
material was recovered. 
Attempted preparation of [(S)-2-methyl-l-nitromethylpropyl] (3-
oxobutyryl)carbamic acid tm-butyl ester [285] 
o 
~HBoC r1 229 
, AO'T' y! 
o 0 
BOCN~ 
no, TOlue:' NO, -285 
246a Dean-Stark 3h 
o OH 
BOCN~ 
2,2,6-Trimethyl-I,3-dioxin-4-one (71 mg, 65 ~l, 0.50 mmol, 1.1 eq) was added to a 
solution of [(S)-2-methyl-I-nitromethylpropyl]carbamic acid tert-butyl ester (105 
mg, 0.45 mmol) in toluene (25 ml). The reaction mixture was heated to reflux 
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under Dean-Stark conditions for 3 h and then concentrated in vacuo. The residue 
was partitioned between water (30 ml) and ethyl acetate (30 ml) and the aqueous 
phase was extracted with ethyl acetate (2 x 30 ml). The combined organic extracts 
were washed with saturated sodium bicarbonate solution (30 ml) and saturated 
brine (30 ml), then dried over magnesium sulfate, filtered and concentrated in 
vacuo to yield a brown oil (I07 mg, 75 %). The crude material was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(1:2 vlv) to yield a yellow oil (14.1 mg). Starting material was recovered. 
Attempted preparation of [(S)-2-methyl-l-nitromethylpropyl] (3-
oxobutyryl)carbamic acid lerl-butyl ester [285] 
o 0 0 
WHSoc 1.'+:9 BOCWAA 
IlNO DMAP :'leQ no, 285 -
2 Toluene 
246a Dean-Stark 3h 
o OH 
BOCNAA 
2,2,6-Trimethyl-I,3-dioxin-4-one (90 mg, 83 ~l, 0.64 mmol, 1.1 eq) was added to a 
solution of [(S)-2-methyl-I-nitromethylpropyl]carbamic acid tert-butyl ester (134 
mg, 0.58 mmol) and 4-dimethylaminopyridine (78 mg, 0.64 mmol, 1.1 eq) in 
toluene (25 ml). The reaction mixture was heated to reflux under Dean-Stark 
conditions for 3 h and then concentrated in vacuo. The residue was partitioned 
between water (30 ml) and ethyl acetate (30 ml) and the aqueous phase was 
extracted with ethyl acetate (2 x 30 ml). The combined organic extracts were 
washed with saturated sodium bicarbonate solution (30 ml) and saturated brine (30 
ml), then dried over magnesium sulfate, filtered and concentrated in vacuo to yield 
a brown oil (192 mg, 100 %). The crude material was subjected to purification by 
column chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield 
a yellow oil (108 mg). Starting material was recovered. 
167 
(S)-terl-Butyl3-oxobutanthioate [255] 
t SH + NaH 
252 253 
~ t S- Na 
THF -15 OC 254 
t S-Na + ;=[0 
254 239 
o 0 
-----i.~ AASCMe 
THF -15 OC 255 3 
A solution of 2-methylpropane-2-thiol (1.60 g, 2 ml, 17.76 mmol) in 
tetrahydrofuran (10 ml) was added dropwise to a solution of sodium hydride (469 
mg, 19.54 mmol, 60 % dispersion in oil, 1.1 eq) in tetrahydrofuran (10 ml) at -15 
°C under nitrogen. The slightly exothermic reaction (as evolution of hydrogen) 
causes the temperature to rise to 0 °C and the reaction mixture was stirred at this 
temperature for 15 min. The reaction mixture was then re-cooled to _5°C and 
diketene (1.64 g, 1.51 ml, 19.54 mmol, 1.1 eq) was added to the mixture which was 
allowed to stir at room temperature for 15 min. The reaction was quenched by 
saturated ammonium chloride solution (20 ml) and the mixture was extracted with 
ether (2 x 20 ml). The combined organic layers were washed with water (20 ml), 
saturated sodium bicarbonate solution (30 ml) and saturated brine (30 ml). The 
aqueous layer was re-extracted with ether (20 ml) and the combined organic layers 
were dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to 
yield a deep-red oil. Bulb-to-bulb distillation using a Kugelrohr apparatus at 95-
100°C (0.9 mm) gave a colourless oil72 (205 mg, 7 %) that was used without 
further purification.72 IH NMR OH (400 MHz; (CDCh» 1.49 (9H, S, (CH3)3, 2.27 
(3H, s, CH3), 3.57 (2H, s, CH2); l3C NMR Oc (400 MHz; (CDCh» 29.6 «CH3)3), 
30.2 (CH3), 59.2 (CH2), 100.2 (C(CH3)3), 192.6 (MeCO), 200.3 (SeO). 
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Attempted preparation of [(S)-2-methyl-l-nitromethylpropyl](3-
oxobutyryl)carbamic acid tm-butyl ester [285] 
o 0 
NHBoc CF3CO~g 1.2 eq 11 11 
o 0 THF -15OC BoCN~ +~ la = 
SCMe3 ~
246a 255 I ~O 285 
2 
Silver(l) trifluoroacetate (110 mg, 0.50 mmol, 1.2 eq) was added to a solution of 
[(S)-2-methyl-l-nitromethylpropyl]carbamic acid tert-butyl ester (96 mg, 0.41 
mrnol) and (S)-tert-butyl 3-oxobutanthioate (86 mg, 0.50 mrnol, 1.2 eq) in 
tetrahydrofuran in a round bottomed flask protected from light. The reaction 
mixture was stirred for 15 min and then concentrated to approximately 5 ml using a 
rotary evaporator. The concentrated mixture was diluted with hexane (50 ml) and 
the resulting orange-brown precipitate was removed by filtration. The filtered solid 
was washed with hexane (2 x 20 ml) and the combined filtrates and washings were 
concentrated in vacuo to yield a brown oil. Starting material was recovered. 
Attempted preparation of [(S)-2-methyl-l-nitrometbylpropyl] (3-
oxobutyryl)carbamic acid benzyl ester [286] 
o 0 0 ~+9 z~~. no PPTS~.leq no, · 
2 Toluene 286 
~HZ 
o OH 
ZNAA 
246b Dean-Stark 3h 
2,2,6-Trimethyl-l,3-dioxin-4-one (62 mg, 57 ~l, 0.44 mmol, 1.1 eq) was added to a 
solution of [(S)-2-methyl-l-nitromethylpropyl]carbamic acid benzyl ester (106 mg, 
0.40 mrnol) and pyridinium p-toluenesulfonate (110 mg, 0.44 mmol, 1.1 eq) in 
toluene (25 ml). The reaction mixture was heated to reflux under Dean-Stark 
conditions for 3 h and then concentrated in vacuo. The residue was partitioned 
between water (30 ml) and ethyl acetate (30 ml) and extracted with ethyl acetate (2 
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x 30 ml). The combined extracts were washed with saturated sodium bicarbonate 
solution (30 ml) and saturated brine (30 ml), then dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield a brown oil (164 mg, 100 %). The crude 
material was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:2 v/v) to yield a yellow oil (96.2 mg). Starting material 
was recovered. 
(S)-2-Methyl-l-nitromethylpropylamine hydrochloride salt [256] 
NHBoc TFA 20 eq 4.5h ~H2.HCI 
2M HCI 20 eq 0.5h 
no, 2468 a no, 256 
Trifluoroacetic acid (14.82 g, 9.66 ml, 130.01 mmol, 20 eq) was added to [(S)-2-
methyl-l-nitromethylpropyl]carbamic acid tert-butyl ester (1.51 mg, 6.50 mmol). 
The reaction mixture was stirred at room temperature for 4.5 h and then 
concentrated in vacuo. Hydrochloric acid (2M, 65 ml, 130.01 mmol, 20 eq) was 
added to the residue and the reaction mixture was stirred at room temperature for a 
further 0.5 h and then concentrated in vacuo. The residue was dissolved in water 
(30 ml) and washed with ethyl acetate (2 x 30 ml). The aqueous phase was 
evaporated to dryness to yield a light yellow solid (0.99 g, 90 %); [a]ort -11.2 (c 10, 
MeOH); rnp 137-141 °C; MS: mlz calcd for CsHl:zN202 (MH1: 133.0977. Found 
133.0979; IR Vmax (CHCh)/crn-1 3424 (NH), 2974 (CH2, CH3), 1558 (CN02); IH 
NMR fuI (400 MHz; «CD3)2S0» 0.94-0.98 (6H, 2 x d, J 6.8 Hz, CH(CH3h), 2.00-
2.05 (1H, rn, CH(CH3)2), 3.67-3.71 (1H, rn, CHNH), 4.77-4.79 (IH, dd, J 8 Hz, 
15.4 Hz, CHCH2), 4.96-4.97 (1H, dd,J3.2 Hz, 15.4 Hz, CHCH2), 8.48 (3H, broad, 
CHNH3); 13C NMR Bc (100 MHz; «CD3)2S0» 17.4 «CH3)2), 18.1 «CH3h),28.2 
(CH(CH3h), 52.9 (CHNH), 74.3 (CHCH2). 
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N-[(S)-2-Methyl-l-nitromethylpropyl]-3-oxobutyramide [242] 
1~9 H~U 
PPTS1o;eq ~ 
Toluene I ~02 242 
Dean-Stark 3h 
Triethylamine (937 mg, 1.29 ml, 9.26 mmol, 1.1 eq) was added to a solution of (S)-
2-methyl-l-nitromethylpropylamine hydrochloride salt (1.42 g, 8.42 mmol) in 
dichloromethane (20 ml). The reaction mixture was stirred at room temperature for 
30 min and concentrated in vacuo. The residue was dissolved in toluene (25 ml) 
and 2,2,6-trimethyl-l,3-dioxin-4-one (1.32 g, 1.21 ml, 9.26 mmol, 1.1 eq) and 
pyridinium p-toluenesulfonate (2.33 g, 9.26 mmol, 1.1 eq) were added to the 
solution. The reaction mixture was heated to reflux under Dean-Stark conditions 
for 3 h and then concentrated in vacuo. The residue was partitioned between water 
(30 ml) and ethyl acetate (30 ml) and the aqueous phase was extracted with ethyl 
acetate (2 x 30 ml). The combined organic extracts were washed with saturated 
sodium bicarbonate solution (30 ml) and saturated brine (30 ml), then dried over 
magnesium sulfute, filtered and concentrated in vacuo to yield a brown oil (2.38 g, 
100 %). The crude material was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a 
brown oil (1.23 g, 68 %); [a]Drt -36 (c 10, CHCh); MS: mlz caled for C~16N204 
(MW): 217.1188. Found 217.1188; IR Vmax (CHCh)/cmo1 3299 (OH), 3073 (NH), 
2966 (CH2, CH3), 1716 (CO), 1556, 1382 (CN02); IH NMR OH (400 MHz; (CDCh» 
0.99-1.03 (6H, 2 x d, J7.2 Hz, CH(CH3h), 1.92-1.98 (IH, m, CH(CH3h), 2.28 (3H, 
s, CH3), 3.42 (2H, s, CH2), 4.32-4.39 (1H, m, CHNH), 4.52-4.56 (1H, dd, J 4.8 Hz. 
12.6 Hz, CHCH2), 4.56-4.61 (1H, dd, J 6.8 Hz. 12.6 Hz. CHCH2), 7.44-7.46 (1H, d, 
J7.6 Hz, CHNH); 13C NMR Oc (100 MHz; (CDCh» 18.5 «CH3h), 19.4 «CH3)2), 
29.7 (CH(CH3h), 31.2 (COCH3), 48.9 (CHCH2), 53.2 (CHNH), 76.5 (COCH2), 
165.6 (NCO), 204.8 (CO). 
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N-[(S)-2-MetbyJ-l-nitrometbyJpropyJ]-3-oxobutyramide [242] U 255 0 0 ~H2.HCI E~N 1.1 eq ~H2 Me3CS HN~ IJ DCM. ~ T::'2:g ~ 
N02 256 N02 241 I ~02 242 
Triethylamine (158 mg, 218 JlI, 1.57 mmol, 1.1 eq) was added to a solution of (S)-
2-methyl-l-nitromethylpropylamine hydrochloride salt (240 mg, 1.42 mmol) in 
dichloromethane (20 ml). The reaction mixture was stirred at room temperature for 
30 min and then concentrated in vacuo. The residue was dissolved in 
tetrahydrofuran (20 ml) and cooled to -15°C. S-tert-Butyl 3-oxobutanthioate (298 
mg,299 JlI, 1.71 mmol, 1.2 eq) and silver(I) trifluoroacetate (377 mg, 1.71 mmol, 
1.1 eq) were added to the solution and stirred for 30 min. The orange precipitate 
was filtered and washed with ice-cold diethyl ether (2 x 30 ml). The combined 
organic layers were concentrated in vacuo to yield a brown oil (464 mg, 100 %). 
The crude material was subjected to purification by column chromatography 
eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a brown oil (60 mg, 19 
%) whose data were identical to those reported above. 
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Attempted preparation of (Z)-3-pyrrolidin-l-yl-but-2-enoic acid [(S)-2-metbyl-
I-nitrometbylpropyl]amide [257] 
o 0 0 HN~ ~ 155 
'Y'lo 2 242 Toluene ~ Dean-Stark I J 257 N02 
H~Jlo 
'Y'lo, 258 
Pyrrolidine (18 mg, 20 ~l, 0.24 mmol, 1.1 eq) was added dropwise to N-[(S)-2-
rnethyl-l-nitromethylpropyl]-3-oxobutyramide (48 mg, 0.22 mmol) in toluene (20 
ml). The reaction mixture was heated to reflux under Dean-Stark conditions for 3 h. 
After cooling, the solvent was removed in vacuo. The residue was partitioned 
between water (30 ml) and ethyl acetate (30 ml), and the aqueous phase was 
extracted with ethyl acetate (2 x 30 ml). The combined organic layers were dried 
over magnesium sulfate, filtered and concentrated in vacuo to yield a dark brown 
oil (163 mg, 100 %). The crude material was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a 
brown oil (28 mg, 55 %); [a]Drt -6.96 (c 10, CHCh); MS: m/z calcd for ClOH 19N303 
(Mlt): 230.1499. Found 230.1499; IR Vmax (CHCh)/cm-1 3423 (OH), 2964, 2872 
(CH2, CH3), 1635 (CO), 1552 (CN02); IH NMR On (400 MHz; (CDCh» 0.99-1.04 
(6H, 2 x d, J 6.8 Hz, CH(CH3h), 1.86-1.94 (5H, m, CH(CH3)2 + 2 x CH2), 3.33-
3.36 (4H, m, 2 x NCH2), 4.06-4.13 (1H, rn, CHNH), 4.56-4.60 (2H, dd + broad, J 4 
Hz, 12.4 Hz, CHCH2 + CHNH), 4.65-4.69 (1H, dd, J 5.6 Hz, 12.4 Hz, CHCH2); 
l3C NMR Oc (100 MHz; (CDCh» 19.3 «CH3)2), 19.6 «CH3)2), 25.5 (2 x CH2), 
30.0 (CH(CH3)2), 45.5 (2 x CH2), 54.5 (CHNH), 76.7 (CHCH2), 155.8 (NCO). (X-
Ray structure: RCFJ30). 
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Attempted preparation of 6-isopropyl-3-methyl-S,6-dibydropyrrolo[3,4-
c]isoxazol-4-one [172] 
o 0 (BOC)20 1.1 eq 
11 " DMAP 10 % mol HN~ 
- .. no 172 242 0 2 
Di-tert-butyl dicarbonate (38.2 mg, 0.18 mmol 1.1 eq) and 4-
dimethylaminopyridine (1.9 mg, 0.02 mmol, 10 % mol) were added to a solution of 
N-[(S)-2-methyl-l-nitromethylpropyl]-3-oxobutyramide (34.4 mg, 0.16 mmol) in 
dichloromethane (20 ml). The reaction mixture was stirred in room temperature for 
3 h and then the solvent was removed in vacuo. The residue was partitioned 
between water (30 ml) and ethyl acetate (30 ml) and the organic layer was extracted 
with ethyl acetate (2 x 30 ml). The combined organic layers were dried over 
magnesium sulfute, filtered and concentrated in vacuo to yield a dark brown oil (70 
mg, 100 %). The crude material was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a 
brown oil (20 mg). Starting material was recovered. 
Attempted preparation of 6-isopropyl-3-methyl-S,6-dibydropyrrolo[3,4-
c]isoxazol-4-one [172] 
o 0 ~ (BOC)20 1.1 eq DMAP10% mol HN 
- .. no 242 2 
Di-tert-butyl dicarbonate (38.2 mg, 
172 
0 
0.18 mmol 1.1 eq) and 4-
dimethylaminopyridine (1.9 mg, 0.02 mmol, 10 % mol) were added to a solution of 
N-[(S)-2-methyl-l-nitromethylpropyl]-3-oxobutyramide (34.4 mg, 0.16 mmol) in 
acetonitrile (20 ml). The reaction mixture was heated to reflux for 3 h and then the 
solvent was removed in vacuo. The residue was partitioned between water (30 ml) 
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and ethyl acetate (30 ml) and the aqueous phase was extracted with ethyl acetate (2 
x 30 ml). The combined organic layers were dried over magnesium sulfute. filtered 
and concentrated in vacuo to yield a dark brown oil (70 mg, 100 %). The crude 
material was subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:2 v/v) to yield a brown oil (20 mg). Starting material 
was recovered. 
Attempted preparation of 6-isopropyl-3-methyl-5,6-dihydropyrrolo[3,4-
c]isoxazol-4-one [172] 
° 0 ~ (BOC)20 1.1 eq DMAP 10% mol HN 
110 2 242 172 o 
Di-tert-butyl dicarbonate (64 mg, 0.30 mmol1.1 eq) and 4-dimethylaminopyridine 
(3.3 mg, 0.03 mmol, 10 % mol) were added to a solution of N-[(S)-2-methyl-1-
nitromethylpropyl]-3-oxobutymmide (58 mg, 0.27 mmol) in toluene (5 ml). The 
reaction mixture was heated to reflux for 3 h and then the solvent was removed in 
vacuo. The residue was partitioned between water (30 ml) in ethyl acetate (30 ml) 
and the aqueous phase was extracted with ethyl acetate (2 x 30 ml). The combined 
organic layers were dried over magnesium sulfate, filtered and concentrated in 
vacuo to yield a dark brown oil (227 mg, 100 %). The crude material was 
subjected to purification by column chromatography eluting with light 
petroleum:ethyl acetate (1:2 v/v) to yield a brown oil (10 mg). Starting material 
was recovered. 
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Attempted preparation of 6-isopropyl-3-methyl-5,6-dibydropyrrolo[3,4-
c]isoxazol-4-one [172] 
o 0 
11 11 EtcOOCI1.2 eq HN~ E~N1.2eq 
DMAP 10% mol 
-no, 242 172 o 
Ethyl chloroformate (51.1 mg, 45.1 ~l, 0.47 mmol, 1.2 eq), triethylamine (47.7 mg, 
65.8 ~l, 0.47 mmol, 1.2 eq) and 4-dimethylaminopyridine (5 mg, 0.04 mmol, 10 % 
mol) were added to a solution of N-[(S)-2-methyl-I-nitromethylpropyl]-3-
oxobutyramide (85 mg, 0.39 mmol) in dichloromethane (20 ml). The reaction 
mixture was heated to reflux for 17 h and the solvent was removed in vacuo. The 
residue was partitioned between water (30 ml) and ethyl acetate (30 ml) and the 
aqueous phase was extracted with ethyl acetate (2 x 30 ml). The combined organic 
layers were dried over magnesium sulfate, filtered and concentrated in vacuo to 
yield a dark brown oil. The crude material was subjected to purification by column 
chromatography eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a 
brown oil (15 mg). Starting material was recovered. 
Attempted preparation of 6-isopropyI-3-metbyl-5,6-dibydropyrrolo[3,4-
c]isoxazol-4-one [172] 
o 0 
HN~ 
no 242 2 
EtCOOCI1.2 eq 
E~N 1.2 eq 
DMAP10%mol 
.. 
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Ethyl chloroformate (55 mg, 48 ~l, 0.51 mmol, 1.2 eq), triethylamine (51 mg, 70 ~l, 
0.51 mmol, 1.2 eq) and 4-dimethylaminopyridine (5 mg, 0.04 mmol, 10 % mol) 
were added to a solution ofN-[(S)-2-methyl-I-nitromethylpropyl]-3-oxobutyramide 
(91 mg, 0.42 mmol) in toluene (20 ml). The reaction mixture was heated to reflux 
for 17 h and the solvent was removed in vacuo. The residue was partitioned 
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between water (30 ml) and ethyl acetate (30 ml) and the aqueous phase was 
extracted with ethyl acetate (2 x 30 ml). The combined organic layers were dried 
over magnesium sulfate, filtered and concentrated in vacuo to yield a dark brown 
oil. The crude material was subjected to purification by column chromatography 
eluting with light petroleum:ethyl acetate (1:2 v/v) to yield a brown oil (14 mg). 
Starting material was recovered. 
Attempted preparation of 6-isopropyl-3-methyl-5,6-dihydropyrrolo[3,4-
c]isoxazoJ-4-one [172] 
o 0 
~M~SiCI2.2 eq 
HN E~N 2.2eq 
242 o 
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Chlorotrimethylsilane (98.4 mg, 113.7 ~l, 0.91 mmol, 2.2 eq) and triethylamine 
(45.8 mg, 63.1 ~l, 0.45 mmol, 2.2 eq) were added to a solution of N-[(S)-2-methyl-
1-nitromethylpropyl]-3-oxobutyramide (89 mg, 0.41 mmol) in tetrahydrofuran (20 
ml). The reaction mixture was heated to reflux for 3 h and the solvent was removed 
in vacuo. The residue was partitioned between water (30 ml) and ethyl acetate (30 
ml) and the aqueous phase was extracted with ethyl acetate (2 x 30 ml). The 
combined organic layers were dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a brown oil. The crude material was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(1:2 v/v) to yield a brown oil (74.4 mg). Starting material was recovered. 
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Attempted preparation of 6-isopropyl-3-methyl-5,6-dihydropyrrolo[3,4-
c]isoxazol-4-one [172] 
o 0 
HN~ 
242 
Me3SlCI 2.2 eq 
EtaN 2.2 eq 
o 
172 
Chlorotrimethylsilane (80.0 mg, 92.5 ~l, 0.74 mmol, 2.2 eq) and triethylamine 
(74.5 mg, 102.7 ~l, 0.74 mmol, 2.2 eq) were added to a solution of N-[(S)-2-
methyl-l-nitromethylpropyl]-3-oxobutyramide (72.4 mg, 0.34 mmol) in acetonitrile 
(20 ml). The reaction mixture was heated to reflux for 3 h and the solvent was 
removed in vacuo. The residue was partitioned between water (30 ml) and ethyl 
acetate (30 ml) and the aqueous phase was extracted with ethyl acetate (2 x 30 ml). 
The combined organic layers were dried over magnesium sulfate, filtered and 
concentrated in vacuo to yield a brown oil. The crude material was subjected to 
purification by column chromatography eluting with light petroleum:ethyl acetate 
(1:2 v/v) to yield a brown oil (52 mg). Starting material was recovered. 
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4.2 - X-Ray Structure Data 
rcfj30 figs 
ct13J 
179 
C(3) 
0(2) 
C(9) 
180 
C(13) 
0(5) 
C(9) 
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Table 1. Crystal data and structure refinement for rcfj30. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient J..L 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 28.33° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F~2a 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F~2a] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
rcfj30 
ClOH19N303 
229.28 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, P212121 
a = 9.3464(17) A 
b = 14.504(3) A 
c:::: 18.094(3) A 
2453.0(8) A3 
8 
1.242 g/cm3 
0.092 mm-I 
992 
a=900 
f3 = 90° 
'Y:::: 90° 
colourless, 0.47 x 0.15 x 0.09 mm3 
3940 (9 range 2.45 to 22.85°) 
Bruker APEX 2 CCD diffiactometer 
ID rotation with narrow frames 
1.80 to 28.33° 
h -12 to 12, k -19 to 19,1-24 to 24 
100.0% 
0% 
25509 
3449 (Rmt = 0.0525) 
2700 
semi-empirical from equivalents 
0.958 and 0.992 
direct methods 
Full-matrix least-squares on F2 
0.0439,0.4075 
3449/0/299 
RI = 0.0393, wR2 = 0.0873 
RI = 0.0579, wR2 = 0.0969 
1.022 
0.000 and 0.000 
0.185 and -0.183 e A-3 
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Table 2. Atomic coordinates and equivalent isotropic displacement pamII1;~ters (A 2) 
for rcfj30. Ucq is defined as one third of the trace of the orthogonalized UIJ tensor. 
x y z Ucq 
N(I) 0.2317(2) 0.89083(12) 0.16743(9) 0.0326(4) 
C(I) 0.2486(3) 0.98650(14) 0.19217(12) 0.0366(6) 
C(2) 0.2895(3) 1.03688(16) 0.12157(12) 0.0392(6) 
C(3) 0.2124(3) 0.98248(17) 0.06192(13) 0.0428(6) 
C(4) 0.2284(3) 0.88311(16) 0.08641(12) 0.0369(5) 
C(5) 0.2259(2) 0.81577(14) 0.21105(11) 0.0262(4) 
0(1) 0.22900(16) 0.73670(9) 0.18419(8) 0.0308(3) 
N(2) 0.2192(2) 0.83145(12) 0.28481(9) 0.0272(4) 
C(6) 0.2342(2) 0.75723(14) 0.33808(11 ) 0.0289(4) 
C(7) 0.3827(3) 0.75650(16) 0.37556(13) 0.0367(5) 
C(8) 0.4986(3) 0.7482(2) 0.31719(16) 0.0567(7) 
C(9) 0.4094(3) 0.83963(19) 0.42474(15) 0.0469(7) 
C(10) 0.1169(3) 0.76293(18) 0.39545(13) 0.0368(5) 
N(3) -0.0283(2) 0.74210(15) 0.36414(13) 0.0467(5) 
0(2) -0.0383(2) 0.68885(18) 0.31212(13) 0.0746(7) 
0(3) -0.1297(2) 0.77818(14) 0.39439(16) 0.0742(7) 
N(4) -0.18159(18) 0.64393(12) 0.13701(11) 0.0306(4) 
C(l1) -0.1347(2) 0.74012(14) 0.13764(14) 0.0325(5) 
C(12) -0.2739(2) 0.79251(15) 0.15005(14) 0.0364(5) 
C(13) -0.3864(3) 0.73199(16) 0.11365(14) 0.0376(5) 
C(14) -0.3372(2) 0.63468(16) 0.13255(15) 0.0352(5) 
C(15) -0.0956(2) 0.56927(13) 0.13321(11) 0.0239(4) 
0(4) -0.14731(16) 0.49061(9) 0.12662(8) 0.0287(3) 
N(5) 0.04725(18) 0.58461(12) 0.13605(10) 0.0258(4) 
C(16) 0.1487(2) 0.50922(14) 0.12911(12) 0.0290(4) 
C(17) 0.2209(3) 0.50530(17) 0.05296(13) 0.0361(5) 
C(18) 0.1094(3) 0.4911(2) -0.00677(13) 0.0456(6) 
C(19) 0.3117(3) 0.5895(2) 0.03630(16) 0.0520(7) 
C(20) 0.2585(3) 0.51482(17) 0.19031(14) 0.0436(6) 
N(6) 0.1933(3) 0.49636(16) 0.26534(13) 0.0578(7) 
0(5) 0.0911(3) 0.44602(19) 0.27005(12) 0.0739(7) 
0(6) 0.2552(5) 0.52998(14) 0.31737(13) 0.1145(13) 
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Table 3. Bond lengths [A] and angles [0] for rcfj30. 
N(I)-C(5) 1.346(3) N(I)-C(I) 1.467(3) 
N(I)-C(4) 1.471(3) C(I)-C(2) 1.521(3) 
C(2)-C(3) 1.519(3) C(3)-C(4) 1.515(3) 
C(5)-O(1) 1.246(2) C(5)-N(2) 1.355(3) 
N(2)-C(6) 1.452(3) C(6)-C(10) 1.512(3) 
C(6)-C(7) 1.545(3) C(7)-C(8) 1.518(4) 
C(7)-C(9) 1.519(4) C(10)-N(3) 1.501(3) 
N(3)-O(3) 1.213(3) N(3)-O(2) 1.221(3) 
N(4)-C(15) 1.351(3) N(4)-C(11) 1.462(3) 
N(4)-C(14) 1.463(3) C(11)-C(12) 1.523(3) 
C(12)-C(13) 1.519(3) C(13)-C(14) 1.523(3) 
C(15)-O(4) 1.245(2) C(15)-N(5) 1.354(3) 
N(5)-C(16) 1.453(3) C(16)-C(20) 1.512(3) 
C(16)-C(17) 1.535(3) C(17)-C(18) 1.515(3) 
C(17)-C(19) 1.517(4) C(20)-N(6) 1.512(4) 
N(6)-O(5) 1.206(3) N(6)-O(6) 1.208(3) 
C( 5)-N(1 )-C(I) 126.21(18) C(5)-N(I)-C(4) 121.48(18) 
C(I)-N(1)-C(4) 112.24(17) N(I)-C(I)-C(2) 103.02(17) 
C(3)-C(2)-C(1 ) 103.19(19) C(4)-C(3)-C(2) 103.86(19) 
N(1 )-C(4)-C(3) 102.78(18) ()(I)-C(5)-N(I) 120.99(18) 
()(1 )-C(5)-N(2) 122.67(19) N(I)-C(5)-N(2) 116.33(17) 
C(5)-N(2)-C(6) 121.66(17) N(2)-C(6)-C(10) 110.20(18) 
N(2)-C(6)-C(7) 112.55(18) C(1 O)-C( 6)-C(7) 110.50(18) 
C(8)-C(7)-C(9) 110.7(2) C(8)-C(7)-C( 6) 109.7(2) 
C(9)-C(7)-C( 6) 113.5(2) N(3)-C(10)-C(6) 112.66(19) 
()(3)-N(3)-()(2) 124.1(3) ()(3)-N(3)-C(10) 116.7(2) 
()(2)-N(3)-C(10) 119.2(2) C(15)-N(4)-C(11) 125.95(17) 
C(15)-N(4)-C(14) 121.04(18) C(11)-N(4)-C(14) 112.69(17) 
N( 4)-C(11 )-C(12) 102.78(17) C(13)-C(12)-C(II) 103.80(18) 
C(12)-C(13)-C(14) 103.27(19) N(4)-C(14)-C(13) 103.13(18) 
()(4)-C(15)-N(4) 120.56(18) ()(4)-C(15)-N(5) 122.49(18) 
N(4)-C(15)-N(5) 116.95(18) C(15)-N(5)-C(16) 121.08(17) 
N(5)-C(16)-C(20) 109.82(18) N(5)-C(16)-C(17) 113.10(18) 
C(20)-C(16)-C(17) 111.1(2) C(18)-C(17)-C(19) 110.6(2) 
C(18)-C(17)-C(16) 110.1 (2) C(19)-C(17)-C(16) 113.2(2) 
N(6)-C(20)-C(16) 112.0(2) O(5)-N(6)-O(6) 124.7(3) 
()(5)-N(6)-C(20) 119.4(2) O( 6)-N( 6)-C(20) 115.8(3) 
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Table 4. Hydrogen coordinates and isotropic displacement parameters (A2) for 
rcfj30. 
x y z U 
H(lA) 0.3249 0.9918 0.2299 0.044 
H(lB) 0.1581 1.0109 0.2129 0.044 
H(2A) 0.2564 1.1017 0.1227 0.047 
H(2B) 0.3943 1.0358 0.1138 0.047 
H(3A) 0.1103 1.0003 0.0591 0.051 
H(3B) 0.2573 0.9924 0.0130 0.051 
H(4A) 0.1463 0.8453 0.0698 0.044 
H(4B) 0.3181 0.8558 0.0672 0.044 
H(2) 0.200(3) 0.8848(17) 0.3005(13) 0.033 
H(6) 0.2227 0.6976 0.3110 0.035 
H(7) 0.3878 0.7002 0.4074 0.044 
H(8A) 0.4949 0.8020 0.2844 0.085 
H(8B) 0.4832 0.6920 0.2882 0.085 
H(8C) 0.5924 0.7454 0.3412 0.085 
H(9A) 0.5079 0.8379 0.4432 0.070 
H(9B) 0.3428 0.8384 0.4666 0.070 
H(9C) 0.3947 0.8963 0.3962 0.070 
H(10A) 0.1379 0.7188 0.4357 0.044 
H(10B) 0.1161 0.8257 0.4170 0.044 
H(llA) -0.0901 0.7575 0.0900 0.039 
H(llB) -0.0659 0.7517 0.1782 0.039 
H(12A) -0.2936 0.8001 0.2035 0.044 
H(12B) -0.2704 0.8541 0.1265 0.044 
H(13A) -0.3884 0.7417 0.0595 0.045 
H(13B) -0.4826 0.7445 0.1341 0.045 
H(14A) -0.3778 0.6140 0.1803 0.042 
H(14B) -0.3651 0.5905 0.0934 0.042 
H(5) 0.076(3) 0.6375(17) 0.1466(13) 0.031 
H(16) 0.0944 0.4504 0.1358 0.035 
H(17) 0.2855 0.4504 0.0525 0.043 
H(18A) 0.0459 0.5449 -0.0087 0.068 
H(18B) 0.0532 0.4358 0.0044 0.068 
H(18C) 0.1571 0.4836 -0.0546 0.068 
H(19A) 0.3568 0.5823 -0.0122 0.078 
H(19B) 0.3858 0.5959 0.0742 0.078 
H(19C) 0.2510 0.6446 0.0361 0.078 
H(20A) 0.3352 0.4693 0.1808 0.052 
H(20B) 0.3023 0.5770 0.1902 0.052 
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Table S. Torsion angles [0] for rcfj30. 
C(SrN(1)-C(I)-C(2) 164.7(2) 
N(l r C(I)-C(2)-C(3) 31.2(2) 
C(SrN(1 )-C(4)-C(3) 171.0(2) 
C(2)-C(3rC(4rN(I) 31.1(3) 
C(4rN(1)-C(SrO(I) S.7(4) 
C(4rN(1)-C(SrN(2) -17S.3(2) 
N(1 rC(S rN(2)-C (6) -170.6(2) 
C(SrN(2)-C(6)-C(7) 103.8(2) 
C(10)-C(6)-C(7)-C(8) 178.5(2) 
C(IO)-C(6)-C(7)-C(9) -S7.1(3) 
C(7)-C(6rC(10rN(3) -166.8(2) 
C(6)-C(10rN(3}-O(2) 30.3(3) 
C(14rN(4)-C(1l)-C(12) 11.8(3) 
C(1l)-C(12)-C(13)-C(14) 38.3(2) 
C(llrN(4)-C(14)-C(13) 11.8(3) 
C(11 rN( 4)-C(IS}-O( 4) -173.8(2) 
C(llrN(4)-C(ISrN(S) S.5(3) 
O(4rC(ISrN(SrC(16) 2.0(3) 
C(ISrN(S)-C(16)-C(20)-131.2(2) 
N(SrC(16)-C(17)-C(18) -61.0(3) 
N(5r C(16)-C(17)-C(19) 63.4(3) 
N(5rC(16)-C(20rN(6) 67.S(2) 
C(16)-C(20rN(6}-O(5) 29.6(3) 
C(4rN(I)-C(I)-C(2) -12.3(3) 
C(I)-C(2)-C(3)-C(4) -39.2(3) 
C(I)-N(1)-C(4)-C(3) -11.7(3) 
C(1 rN(1 )-C(SrO(I) -171.1 (2) 
C(lrN(I)-C(SrN(2) 7.9(4) 
0(1 )-C(SrN(2r C(6) 8.3(3) 
C(SrN(2)-C(6)-C(10) -132.3(2) 
N(2)-C(6)-C(7)-C(8) -57.8(3) 
N(2)-C(6)-C(7)-C(9) 66.6(3) 
N(2)-C(6)-C(10rN(3) 68.2(2) 
C(6)-C(10rN(3}-O(3) -151.8(2) 
C(ISrN(4)-C(1l)-C(12) -174.7(2) 
N(4)-C(1l)-C(12)-C(13) -30.7(2) 
C(15r N(4)-C(14)-C(13) -162.1(2) 
C(12)-C(13rC(14rN(4) -30.S(3) 
C(14rN(4)-C(15}-O(4) -0.8(3) 
C(14rN(4)-C(15rN(5) 178.5(2) 
N(4)-C(15rN(5)-C(16) -177.26(18) 
C(ISrN(S)-C(16)-C(17) 104.0(2) 
C(20)-C(16rC(17)-C(18) 17S.0(2) 
C(20)-C(16r C(17)-C(19) -60.7(2) 
C(17)-C(16rC(20rN(6) -166.61 (19) 
C(16)-C(20rN(6}-O(6) -IS4.7(2) 
Table 6. Hydrogen bonds for rcfj30 [A and 0]. 
D-H. .. A d(D-H) d(H. .. A) d(D ... A) <(DHA) 
N(2rH(2) ... O(4') 0.84(2) 2.08(3) 2.889(2) 160(2) 
N(5rH(5) ... 0(1) 0.83(2) 2.14(2) 2.917(2) ISS(2) 
Symmetry operations for equivalent atoms 
, 
-x,y+ 1I2,-z+ 112 
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